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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of US Provi-
sional Application number 62/844,470 filed on 07-MAY-
2019 and U.S. Application 62/866,726 filed on 26-JUN-
2019.

TECHNICAL FIELD

[0002] This invention relates generally to the cell cap-
ture and cell processing field, and more specifically to a
new and useful automated system and method for single
cell capture and processing in the cell capture and cell
processing field.

BACKGROUND

[0003] With an increased interest in cell-specific drug
testing, diagnosis, and other assays, systems and meth-
ods that allow for individual cell isolation, identification,
and retrieval are becoming highly desirable. Single cell
capture systems and methods have been shown to be
particularly advantageous for these applications. How-
ever, associated processes and protocols for single cell
capture and subsequent analysis often must be per-
formed in a particular order and with a high precision in
order to properly maintain the cells. As such, these proc-
esses can be time consuming for the user, as well as
result in damage to the cells or otherwise unfavorable
results if they are not performed properly (e.g., through
mistakes in pipetting, through a mix-up of reagents, etc.).
In particular, these novel high throughput single cell cy-
tometry assays have great utility in translational medi-
cine, personalized therapy selections, clinical diagnos-
tics, and/or other applications of use, but lack of automa-
tion prevents proper performance by novice users, there-
by limiting throughput. Patent documents US
2019/002814 A1 and US 2016/023213 A1 disclose de-
vices and methods for material handling and robotics,
and, more particularly, to automated laboratory work sta-
tion, tools useful for such work stations and related meth-
ods, all related to the performance of chemical, biochem-
ical, and molecular assays and reactions.
[0004] Thus, there is a need in the cell capture and cell
processing field to create a new and useful system and
method for single cell capture and processing.

BRIEF DESCRIPTION OF THE FIGURES

[0005]

FIGURES 1A-1D depict schematic representations
of an embodiment of a system for automated single
cell sample processing;
FIGURES 2A-2F depict views of a variation of the
system shown in FIGURES 1A-1D;

FIGURES 3A-3C depict variations of a reagent car-
tridge associated with a system for automated single
cell sample processing;
FIGURES 4A-4C depict views of a variation of a sam-
ple processing cartridge associated with a system
for automated single cell sample processing;
FIGURES 5A-5C depict operation modes of a lid-
opening tool associated with the sample processing
cartridge shown in FIGURES 4A-4C;
FIGURES 6A-6B depict operation modes of a valve
and heating subsystem associated with the sample
processing cartridge shown in FIGURES 4A-4C;
FIGURES 7A and 7B depict variations of a tool con-
tainer and contents associated with a system for au-
tomated single cell sample processing;
FIGURES 8A-8I depict variations of features for re-
taining elements at a deck of a system for automated
single cell sample processing;
FIGURE 9 depicts an example of a fluid level detec-
tion subsystem of a system for automated single cell
sample processing;
FIGURES 10A-10C depict variations of a first subset
of components used for material separation in a sys-
tem for automated single cell sample processing;
FIGURES 11A-11B depict variations of a second
subset of components used for material separation
in a system for automated single cell sample
processing;
FIGURES 12A-12J depict operation modes of a sep-
aration subsystem associated with a system for au-
tomated single cell sample processing;
FIGURES 13A-13D depict views of components of
a variation of a separation subsystem associated
with a system for automated single cell sample
processing;
FIGURES 14A-14C depict embodiments of function-
al coupling between components of a system for au-
tomated single cell sample processing;
FIGURE 15 depicts a flow chart of a method for au-
tomated single cell sample processing;
FIGURES 16 depicts a first variation of a method for
automated single cell sample processing;
FIGURES 17 depicts a second variation of a method
for automated single cell sample processing;
FIGURES 18 depicts a third variation of a method
for automated single cell sample processing; and
FIGURES 19 depicts a third variation of a method
for automated single cell sample processing.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0006] The following description of the preferred em-
bodiments of the invention is not intended to limit the
invention to these preferred embodiments, but rather to
enable any person skilled in the art to make and use this
invention.
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1. Benefits

[0007] The invention(s) can confer several benefits
over conventional systems and methods.
[0008] In particular, the invention(s) confer(s) the ben-
efit of enabling at least partial automation of the protocols
involved in single cell capture and subsequent process-
ing, thereby optimizing run success and consistency. In
more detail, the user can be removed from part or all of
the method (e.g. loading samples, capping lids, on-in-
strument lysis, reverse transcription processes, cDNA
amplification, bead or cDNA product retrieval, on-instru-
ment library preparation and cleanup, etc.). Further, the
system and/or method can enable better accuracy of a
protocol over conventional systems and methods (e.g.
better accuracy in the addition of the correct reagents,
better temperature control of reagents, rapid processing
of critical liquid handling steps, precise incubation times,
optimal bead washing and separation, automated bar
code reading, etc.). Further, the system and/or method
can confer the benefit of preventing accidents (e.g.
knocking the system, spills of reagents, contamination
of sample or instrument, etc.), which can commonly occur
during the manual performance of a protocol.
[0009] Additionally, through use of limited-use and/or
pre-loaded and unitized reagent cartridges, the system
and/or method can confer the benefit of providing a
streamlined user experience with optimized quality con-
trol and design architecture to accommodate on-going
development of assays and future applications. As such,
the system confers the benefit of independent or nearly
independent control of reagents or reagent groups. In a
specific example of this variation, the system includes a
reagent cartridge having any or all of the following ded-
icated regions: a room temperature region, a cooling re-
gion, a heating region, a magnetic region (e.g., overlap-
ping with a heating region), waste capture region, inter-
mediate reagent parking region or any other suitable re-
gion. In a related benefit, the system and/or method can
confer the benefit of enabling the user to purchase small-
er volumes of reagents, such as through the distribution
of reagents in protocol-specific types and quantities to
be used in accordance with specific automated protocols.
This can function to save costs, reduce reagent waste,
or have any other suitable outcome.
[0010] Additionally, through use of fluid handling and
separation elements (e.g., magnetic separation compo-
nents), the system and/or method can confer the benefit
of providing automated sample and library cleanup steps.
Relatedly, the system and/or method can confer the ben-
efit of establishing better fluid flow throughout the system.
In a first example, this is enabled through an automated
pipetting system (e.g., pipettor, gantry, and assorted pi-
pette tips), which can monitor and/or direct fluid flow (e.g.,
to maintain an optimal flow rate, to establish an optimal
volume of reagents, etc.) without user intervention. The
fluid handling system components for single cell prepa-
ration and/or other assays may involve use of both of (a)

liquid pipettor coupled to a gantry for fluidic dispensing
and pumping into a fluidic channel or fluidic reservoir
(e.g., of a sample processing cartridge) and/or (b) a built-
in on-chip pressurizable waste chamber connected and
controlled through a valve integrated with the fluidic net-
work, as described in more detail below. Such a com-
bined dual liquid handling system gives unprecedented
control of the flow (e.g., microliter per second to tens of
milliliters per second), delivery (e.g., 1- 100,000 microlit-
ers), and residence time (e.g., milliseconds to hours) of
reagents through the fluidic system. Additionally or alter-
natively, the system can monitor and/or direct fluid flow
with user intervention (e.g., with minimal user interven-
tion, to encourage optimal user intervention, etc.).
[0011] Additionally, through software and workflow im-
provements, the system and/or method can minimize
number of manual operations performed by a user, and
provide relevant system status reports to ensure smooth
operation and sample processing.
[0012] Additionally, in relation to sample processing
disposables, the system and/or method can confer the
benefit of consolidating multiple components in a manner
that is scalable for disposables having a higher number
of sample processing chambers. Additionally, the system
can confer the benefit of consolidating two or more con-
ventionally separate processing platform components in-
to a single unit, which can reduce an overall size of the
system (e.g., enable a benchtop model), reduce an over-
all footprint of a mechanism of the system (e.g., pipettor
gantry), enable a more efficient transfer of materials
among the system, or perform any other suitable func-
tion. In a specific example of this variation, an inlet, set
of microwells, outlet valve, lid mechanism (e.g., lid of the
lid mechanism, full lid mechanism, etc.) and waste cham-
ber are all localized to a single piece.
[0013] Additionally, the invention(s) address needs in
low parameter flow applications, high parameter flow ap-
plications, mass cytometry applications, proteogenomic
applications, single cell RNA applications, protein detec-
tion applications, single cell multi-omic applications and
other applications, by allowing standard users with vari-
ous skill levels (e.g., novices, experts) to operate platform
components. Specific workflows implemented by em-
bodiments of the system are described in more detail
below.
[0014] In relation to performance, the system and/or
method can process cells to generate purified libraries
within a day, perform next generation sequencing (NGS)
preparation, and perform other processes in a stream-
lined process (e.g., by a set of dedicated consumables
including an efficiently loaded reagent cartridge, a sam-
ple processing cartridge, and a container of fluid handling
disposables).
[0015] Additionally, the system confers the benefit of
three-dimensional mobility of a component, such as a
pipettor. In a specific example of this variation, the system
includes a gantry providing X-Y-Z mobility for a pipettor,
enabling the pipettor to perform a variety of tasks (e.g.,
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piercing foil coverings of reagent tubes, transferring ma-
terials among a set of wells, etc.) in an automated fashion.
[0016] Additionally or alternatively, the system and/or
method can confer any other suitable benefit.

2. System

[0017] As shown in FIGURES 1A-1D, an embodiment
of a system 100 for automated single cell capture and
processing includes: a deck 110 supporting and position-
ing a set of sample processing elements; a gantry 170
for actuating tools for interactions with the set of sample
processing elements supported by the deck 110; and a
base 180 supporting various processing subsystems and
a control subsystems in communication with the process-
ing subsystems, wherein the control subsystems control
states of the deck 110, the set of sample processing el-
ements, and the gantry 170 in order to transition the sys-
tem 100 between various operation modes. Embodi-
ments, variations, and examples of operation modes,
which provide various workflows, are described in further
detail in Section 3 below.
[0018] Embodiments of the system 100 function to en-
able automated single cell capture and any or all of as-
sociated processing of the captured cells. In more detail,
the user can be removed from part or all of the method
(e.g. loading samples, capping lids, on-instrument lysis,
reverse transcription processes, cDNA amplification,
bead or cDNA product retrieval, on-instrument library
preparation and cleanup, etc.). The system can addition-
ally or alternatively function to enhance the accuracy (e.g.
by minimizing manual processes) of cell capture and
sample processing protocols. Additionally, through use
of limited-use and/or pre-loaded reagent cartridges, the
system 100 can provide a streamlined user experience
with optimized quality control and design architecture to
accommodate on-going development of assays and fu-
ture applications. As such, the system confers the benefit
of independent or nearly independent control of reagents
or reagent groups. In a specific example of this variation,
the system includes a reagent cassette having any or all
of the following dedicated regions: a room temperature
region, a cooling region, a heating/thermo-cycling region,
a magnetic region (e.g., overlapping with a heating re-
gion), a region to provide a cell sample input, a region
for prepared library output or any other suitable region.
In a related benefit, the system and/or method can confer
the benefit of enabling the user to purchase smaller vol-
umes of reagents, such as through the distribution of re-
agents in protocol-specific types and quantities to be
used in accordance with specific automated protocols.
This can function to save costs, reduce reagent waste,
or have any other suitable outcome.
[0019] Additionally, through use of fluid handling and
separation elements (e.g., magnetic separation compo-
nents), embodiments of the system 100 can function to
provide automated sample and library cleanup steps. Re-
latedly, the system 100 can confer the benefit of estab-

lishing better fluid flow throughout the system. In a first
example, this is enabled through an automated pipetting
system (e.g., pipettor, gantry, and assorted pipette tips),
which can monitor and/or direct fluid flow (e.g., to main-
tain an optimal flow rate, to establish an optimal volume
of reagents, etc.) without or with minimal user interven-
tion.
[0020] Additionally, the system 100 can enable low pa-
rameter flow applications, high parameter flow applica-
tions, mass cytometry applications, proteogenomic ap-
plications, single cell RNA applications, protein detection
applications, and other applications, by allowing stand-
ard users with various skill levels (e.g., novices, experts)
to operate platform components. Furthermore, in relation
to performance, the system 100 can process cells or oth-
er biological material to rapidly generate purified libraries,
perform next generation sequencing (NGS) preparation,
and perform other processes in a streamlined process
(e.g., by a set of dedicated consumables including an
efficiently loaded reagent cartridge, a sample processing
cartridge, and a container of fluid handling disposables).
[0021] In specific embodiments, the system 100 can
comply with use requirements including one or more of:
providing automated processes for nucleic acid library
preparation, ability to provide quality control at desired
points of a run, providing complete and single use kits
for various assays, providing validated and locked pro-
tocols, providing alignment and retention of various sys-
tem components, providing means for monitoring and
controlling system operation (e.g., with a touch display),
providing remote monitoring capabilities, providing sam-
ple processing within 24 hours, providing visual and/or
audible system notifications, providing the ability to be
cleaned with standard laboratory cleaners and without
disassembly, fitting on a standard laboratory bench, pro-
viding easy installation, providing assay materials with
stable shelf life, returning reports of maintenance history,
providing data storage (e.g., in relation to external stor-
age media, in relation to cloud storage, etc.), , providing
training, and providing other suitable functions according
to various requirements.
[0022] As described above, in relation to sample
processing, embodiments of the system 100 can include
or be configured to process cells, cell-derived material,
and/or other biological material (e.g., cell-free nucleic ac-
ids). The cells can include any or all of mammalian cells
(e.g., human cells, mouse cells, etc.), embryos, stem
cells, plant cells, or any other suitable kind of cells. The
cells can contain target material (e.g., target lysate, mR-
NA, RNA, DNA, etc.) which originates within the cells and
is optionally captured by the cell capture system for
processing. Additionally, the containers containing the
cells can be prepared from multiple cell-containing sam-
ples (e.g., 12 samples, 24 samples, 48 samples, 96 sam-
ples, 384 samples, 1536 samples, other numbers of sam-
ples), wherein the various samples are hashed or bar-
coded prior to mixing them together into a single contain-
er (or reduced number of containers). This feature ena-
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bles automated processing of multiple samples in the
same automated run for their respective single cell prep-
aration and library preparation operations. Additionally
or alternatively, the system 100 can be configured to in-
teract with particles (e.g., beads, probes, nucleotides,
oligonucleotides, polynucleotides, etc.), droplets, encap-
sulated cells, encapsulated biomarkers, reagents, or any
other suitable materials.
[0023] The system can further additionally or alterna-
tively include any or all of the system components as
described in U.S. Application number 16/048,104, filed
27-JUL-2018; U.S. Application number 16/049,057, filed
30-JUL-2018; U.S. Application number 15/720,194, filed
29-SEP-2017; U.S. Application number 15/430,833, filed
13-FEB-2017; U.S. Application number 15/821,329, filed
22-NOV-2017; U.S. Application number 15/782,270,
filed 12-OCT-2O17; U.S. Application number
16/049,240, filed 30-JUL-2018; U.S. Application number
15/815,532, filed 16-NOV-2017; U.S. Application
number 16/115,370, filed 28-AUG-2018, U.S. Applica-
tion number 16/564,375, filed 09-SEP-2019, and U.S.
Application number 16/816,817, filed 12 -MAR- 2020.

2.1 System: Deck

[0024] As shown in FIGURES 1A-1D, the deck 110
functions as a platform to support and position one or
more components of the system 100 (e.g., at a top broad
surface, at a top and bottom broad surface, at a side
surface, etc.) for automated sample processing. Further-
more, the deck 110 can function to position one or more
components of the system 100 to align with or otherwise
interact with fluid processing subsystems, heating sub-
systems, separation subsystems (e.g., magnetic sepa-
ration subsystems), and/or other subsystems coupled to
the gantry 170 and/or base 180, as described below. In
this regard, the deck 110 can be stationary as a reference
platform, while other components are actuated into po-
sition for interacting with elements of the deck 110. Al-
ternatively, the deck 110 can be coupled to one or more
actuators for positioning elements of the deck 110 for
interactions with other subsystems.
[0025] In the embodiment shown in FIGURES 1A-1D,
the deck 110 provides a platform supporting the set of
sample processing elements, where the sample process-
ing elements can include disposable and/or reusable
components, where the components include containers
for containing sample processing materials and/or tools
for processing samples (e.g., in relation to fluid handling,
in relation to material separation, in relation to heating
and cooling, etc.). In embodiments, the deck 110 can
support a set of sample processing elements including
one or more units of: a reagent cartridge 120, a sample
processing cartridge 130, a tool container 140, a heating
and cooling subsystem 150, a pumping subsystem 157,
a fluid level detection subsystem 159, and a separation
subsystem 160. Additionally or alternatively, the deck
110 can include other suitable components (e.g., fluo-

rescence detection subsystems, confocal microscope
subsystems, spectroscopic detection subsystems, Total
Internal Reflection Fluorescence (TIRF) subsystems,
Nuclear Magnetic Resonance (NMR) subsystems, Ra-
man Spectroscopy (RS) RS subsystems , etc.).
[0026] The sample processing elements can be sup-
ported in a co-planar manner by the deck 110, or alter-
natively at different planes. Preferably, discrete elements
supported by the deck are non-overlapping, but alterna-
tive embodiments of the deck 110 can support the sample
processing elements in an overlapping manner (e.g., for
conservation of space, etc., for operational efficiency,
etc.).
[0027] As shown in FIGURES 1A and 1D, the deck 110
can be accessible by door 90, where the door 90 of the
system 100 can transition between open and/or closed
modes in order to provide access to the deck 110 and
elements supported by the deck 110. However, in other
variations, the deck 110 may not be accessible by door
90.
[0028] Details of embodiments, variations, and exam-
ples of elements supported by the deck 110 are further
described in Sections 2.1.1 through 2.1.5 below.

2.1.1 Deck-Supported Element: Reagent cartridge

[0029] The deck 110 includes at least one region 111
(shown in FIGURES 2A and 2B) for supporting a unit of
the reagent cartridge 120, where the region 111 functions
to position the reagent cartridge 120 relative to portions
of the heating and cooling subsystem 150, and separa-
tion subsystem 160 described in more detail below. In
this regard, the region 111 can include one or more open-
ings, recesses, and/or protrusions for providing interfac-
es between complementary portions of the reagent car-
tridge 120 and associated portions of the heating and
cooling subsystem 150 and separation subsystem 160,
and additionally to promote and maintain alignment be-
tween such portions.
[0030] The reagent cartridge 120 functions to contain,
in one or more compartments, materials for cell capture
and/or processing of samples according to one or more
workflows for various applications. As such, the reagent
cartridge 120 can define a set of storage volumes dis-
tributed across a set of domains, where the set of do-
mains can be configured for providing suitable environ-
ments for the material contents of each domain. The set
of storage volumes can directly contain sample process-
ing materials, and/or can alternatively be configured to
receive and maintain positions of individual containers
(e.g., tubes, etc.) that contain sample processing mate-
rials. The storage volumes of each domain can be dis-
tributed in arrays, or otherwise arranged. Storage vol-
umes can have circular cross sections, rectangular cross
sections, or other morphologies (e.g., cross sections,
widths, depths, etc.) depending upon application of use
(e.g., cold storage, heat transfer, magnetic separation,
etc.).
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[0031] The set of domains can additionally or alterna-
tively be configured to provide modularity, where one or
more domains can be pre-packaged with materials that
are stable over longer shelf lives, while other domains
can be configured to receive materials that have short
shelf lives (e.g., immediately prior to use). The set of do-
mains can additionally or alternatively be configured to
promote operational efficiency (e.g., in relation to group-
ing similar materials, etc.) for apparatuses that interact
with materials of the reagent cartridge 120. The set of
domains can additionally or alternatively define regions
for receiving and/or processing material (e.g., nucleic ac-
id material) extracted from the sample processing car-
tridge 130 described in more detail below.
[0032] Additionally or alternatively, domains of the set
of domains can be separate (e.g. domain for receiving
heat is separate from domains that are intended for other
storage temperatures or applications requiring different
temperatures), overlapping, or otherwise arranged. Do-
mains of the set of domains can additionally or alterna-
tively be distinguished from each other by a morphology
(e.g., length of the storage volumes of each domain,
depth of storage volumes for accessing or interfacing with
other elements of the deck, width or depth of domains
configured for efficient heat transfer, etc.). In some var-
iations, the set of domains can further include at least
one domain supporting an absorbent or porous material
pad that can be used for receiving drips of fluid (e.g., from
a tip of a pipettor, described below) during processing.
The internal surface properties for certain domains (e.g.,
for PCR reactions, for magnetic separation, etc.) may be
configured with high surface polish to enable low binding
or retention of biomolecules (e.g., nucleic acids or pro-
teins). The various domains may also be mixed and
matched to provide a large number of available assays
to the customers.
[0033] Individual storage volumes of the set of storage
volumes of the reagent cartridge 120 can further include
one or more seals, which function to isolate materials
within the reagent cartridge 120, to prevent cross-con-
tamination between materials within individual storage
volumes, to prevent contaminants from entering individ-
ual storage volumes, and/or to prevent evaporative loss
during storage and shipment. The seal(s) can be punc-
turable seal(s) (e.g., composed of paper, composed of a
metal foil, and/or composed of any other suitable mate-
rial). However, the seal(s) can alternatively be configured
to be non-puncturable (e.g., the seal(s) can be configured
to peel away from the reagent cartridge 120). In embod-
iments, certain reagent containers may also be sealed
by a hinged lid that can be opened or closed by a tool
(e.g., as described in more detail below), as needed for
processing at appropriate steps of the protocol.
[0034] In variations, the set of domains can include a
first domain for storing reagents requiring a chilled envi-
ronment (e.g., at a temperature from 1C-15C), a second
domain for storing materials that can be stored in ambient
conditions, a third domain storing tubes with materials

for performing polymerase chain reaction (PCR) opera-
tions and interfacing with heating elements described be-
low, a fourth domain for storing functionalized particles
(e.g., beads with probes having barcoding regions and
other functional regions, as described in U.S. Application
number 16/115,370, etc.), and a fifth domain for perform-
ing separation operations (e.g., separation of target from
non-target material by magnetic force). In variations, do-
mains providing different environments for the storage
volumes can be configured differently. For instance, the
first domain (i.e., for cold storage) can be composed of
a thermally insulating material and/or can include insu-
lating material about storage volumes of the domain (e.g.,
individually, about the entire domain). Additionally or al-
ternatively, a domain for separation can be include mag-
netically conductive materials configured to provide prop-
er magnetic field characteristics for separation. Addition-
ally or alternatively, domains for thermocycling or other
heat transfer applications can be configured with ther-
mally conductive materials to promote efficient heat
transfer to and from the reagent cartridge. In embodi-
ments, various domains can be optimally positioned such
that there is minimal cross-talk between certain opera-
tions. For example, the domain(s) for chilled reagent stor-
age volumes can be maintained a temperature (e.g., 4C)
during a run, whereas the domain(s) for PCR reactions
can require heating (e.g., up to 95C during denature). As
such, to minimize the effect of PCR thermocycling on
chilled reagents, the domain(s) containing the reagents
stored at ambient temperature maybe configured in be-
tween the PCR thermocycling domain(s) and chilled do-
main(s). In order to further prevent heat cross-talk, addi-
tional buffer tubes with just air may be used in between
critical domains that need independent temperature con-
trol.
[0035] In variations, process materials supported by
the domains of the reagent cartridge 120 can include one
or more of: buffers (e.g. ethanol, priming buffer, lysis buff-
er, custom lysis buffers, sample wash buffers, saline with
RNAase inhibitors, bead wash buffers, RT buffer, buffer,
etc.), oils (e.g. perfluorinert oil), PCR master mixtures,
cells, beads (e.g. functionalized beads) or any other suit-
able materials used for cell capture and/or sample
processing. Additionally or alternatively, one or more of
the set of storage volumes can be empty (e.g. initially
empty, empty throughout one or more processes, empty
prior to filling by an operator, etc.). Different storage re-
gions in various domains of the reagent cartridge can
have initial reagent volumes from a few microliters (e.g.,
5 microliters) to 50 milliliters. Additional details of process
materials and applications of use are described below in
relation to workflows of Section 3.
[0036] In a specific example, as shown in FIGURE 3A,
the reagent cartridge 120’ includes a first domain 121’ at
a first peripheral region of the reagent cartridge 120’ for
storing reagents requiring a chilled environment, a sec-
ond domain 122’ at a central region of the reagent car-
tridge 120’ for storing materials that can be stored in am-
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bient conditions, a third domain 123’ at a peripheral re-
gion of the cartridge, near the second domain 122, for
storing tubes with materials for performing polymerase
chain reaction (PCR) operations, a fourth domain 124’
at a peripheral region of the reagent cartridge 120’, for
storing functionalized particles (e.g., beads with probes
having barcoding regions and other functional regions,
as described in U.S. Application number 16/115,370,
etc.), and a fifth domain 125’ at a peripheral region of the
reagent cartridge 120’ for performing separation opera-
tions (e.g., separation of target from non-target material
by magnetic force). In the specific example, the fourth
domain 124’ can be a modular element, whereby the
fourth domain 124’ can be stored separately from the rest
of the reagent cartridge 120’ until the functionalized par-
ticles are ready for use, at which point the fourth domain
124’ is set in position and coupled with the reagent car-
tridge 120’.
[0037] In the specific example, the first domain 121’
and the second domain 122’ are covered by a first seal
composed of a metal foil, the third domain 123’ and the
fifth domain 125’ are covered by a second seal composed
of a paper, and the fourth domain 124’ is covered by a
third seal composed of a metal foil. However, variations
of the example of the reagent cartridge 120’ can be con-
figured in another suitable manner.
[0038] In another specific example for a 3’ RNA
processing protocol (e.g., corresponding to the workflow
of Section 3.1. below) shown in FIGURE 3B, the reagent
cartridge 120" can include: a first storage volume 1201
(e.g., having a volume of 4.46 mL) for 100% molecular
grade ethanol; a second storage volume 1202 (e.g., hav-
ing a volume of 6.6 mL) for a first wash buffer; a third
storage volume 1203 (e.g., having a volume of 1.1 mL)
for a particle binding buffer; a fourth storage volume 1204
(e.g., having a volume of 1.1 mL) for a lysis buffer; a fifth
storage volume 1205 (e.g., having a volume of 1.1 mL)
for perfluorinert oil; a sixth storage volume 1206 (e.g.,
having a volume of 6.63 mL) for a particle binding wash
solution; a seventh storage volume 1207 (e.g., having a
volume of 1.1 mL) for a pre RT reaction wash buffer; an
eighth storage volume 1208 (e.g., having a volume of 1
mL) for a 0.1M sodium hydroxide solution; a ninth storage
volume 1209 (e.g., having a volume of 2.5 mL) for a sec-
ond wash buffer; a tenth storage volume 1210 (e.g., hav-
ing a volume of 1 mL) for mineral oil; an 11th storage
volume 1211 (e.g., having a volume of 1.1 mL) for 80%
molecular grade ethanol; a 12th storage volume 1212
(e.g., having a volume of 2.2 mL) for nuclease-free water;
a 13th storage volume 1213 (e.g., having a volume of
12.36 mL) for waste; a 14th storage volume 1214 (e.g.,
having a volume of 0.15 mL) for 0.1M DTT; a 15th storage
volume 1215 for an RT cocktail without superscript IV: a
16th storage volume 1216 (e.g., having a volume of 0.011
mL) for superscript IV enzyme; a 17th storage volume
1217 (e.g., having a volume of 0.22 mL) for exonuclease
buffer; an 18th storage volume 1218 (e.g., having a vol-
ume of 0.022 mL) for exonuclease enzyme; a 19th stor-

age volume 1219 (e.g., having a volume of 0.128 mL) for
a second strand synthesis mixture; a 20th storage volume
1220 (e.g., having a volume of 0.072 mL) for a second
strand synthesis primer; a 21st storage volume 1221
(e.g., having a volume of 0.22 mL) for a PCR master
mixture for mRNA amplification; a 22nd storage volume
1222 (e.g., having a volume of 0.33 mL) for a mixture
(e.g., Kapa Biosystems™ HiFi HotStart Ready Mixture
(2x); a 23rd storage volume 1223 (e.g., having a volume
of 0.025mL) for mRNA product; a 24th storage volume
1224 (e.g., having a volume of 0.11 mL) for functionalized
particles; a 25th storage volume 1225 (e.g., having a vol-
ume of 0.03 mL) for magnetic retrieval particles; a 26th

storage volume 1226 (e.g., having a volume of 0.66 mL)
for AMPure XP particles; 27th storage volume 1227 for
magnetic particle retrieval collection; a 28th storage vol-
ume 1228 for magnetic particle preparation; a 29th stor-
age volume 1229 for magnetic particle second strand
synthesis; a 30th storage volume 1230 for magnetic par-
ticle retrieval post-PCR cDNA amplification; a 31st stor-
age volume 1231 for AMPure XP particle purification; a
32nd storage volume 1232 for a first exonuclease treat-
ment; a 33rd storage volume 1233 for a second exonu-
clease treatment; a 34th storage volume 1234 for second
strand synthesis; a 35th storage volume 1235 for a first
cDNA amplification operation; a 36th storage volume
1236 for a second cDNA amplification operation; a 37th

storage volume 1237 for a third cDNA amplification op-
eration; a 38th storage volume 1238 for a fourth cDNA
amplification operation; and a 39th storage volume 1239
for a cell suspension.
[0039] In another specific example for a CITE-Seq
processing protocol (e.g., corresponding to workflow in
Section 3.3 below) shown in FIGURE 3C, the reagent
cartridge 120- can include: a first storage volume 1201’
(e.g., having a volume of 4.46 mL) for 100% molecular
grade ethanol; a second storage volume 1202’ (e.g., hav-
ing a volume of 6.6 mL) for a first wash buffer; a third
storage volume 1203’ (e.g., having a volume of 1.1 mL)
for a particle binding buffer; a fourth storage volume 1204’
(e.g., having a volume of 1.1 mL) for a lysis buffer; a fifth
storage volume 1205’ (e.g., having a volume of 1.1 mL)
for perfluorinert oil; a sixth storage volume 1206’ (e.g.,
having a volume of 6.63 mL) for a particle binding wash
solution; a seventh storage volume 1207’ (e.g., having a
volume of 1.1 mL) for a pre RT reaction wash buffer; an
eighth storage volume 1208’ (e.g., having a volume of 1
mL) for a 0.1M sodium hydroxide solution; a ninth storage
volume 1209’ (e.g., having a volume of 2.5 mL) for a
second wash buffer; a tenth storage volume 1210’ (e.g.,
having a volume of 1 mL) for mineral oil; an 11th storage
volume 1211’ (e.g., having a volume of 1.1 mL) for 80%
molecular grade ethanol; a 12th storage volume 1212’
(e.g., having a volume of 2.2 mL) for nuclease-free water;
a 13th storage volume 1213’ (e.g., having a volume of
12.36 mL) for waste; a 14th storage volume 1214’ (e.g.,
having a volume of 0.15 mL) for 0.1M DTT; a 15th storage
volume 1215’ for an RT cocktail without superscript IV:
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a 16th storage volume 1216’ (e.g., having a volume of
0.011 mL) for superscript IV enzyme; a 17th storage vol-
ume 1217’ (e.g., having a volume of 0.22 mL) for exonu-
clease buffer; an 18th storage volume 1218’ (e.g., having
a volume of 0.022 mL) for exonuclease enzyme; a 19th

storage volume 1219’ (e.g., having a volume of 0.128
mL) for a second strand synthesis mixture; a 20th storage
volume 1220’ (e.g., having a volume of 0.072 mL) for a
second strand synthesis primer; a 21st storage volume
1221’ (e.g., having a volume of 0.22 mL) for a PCR master
mixture for cDNA amplification; a 22nd storage volume
1222’ (e.g., having a volume of 0.33 mL) for a mixture
(e.g., Kapa Biosystems™ HiFi HotStart Ready Mixture
(2x); a 23rd storage volume 1223’ for an indexing primer;
a 24th storage volume 1224’ (e.g., having a volume of
0.11 mL) for a PCR master mixture for mRNA amplifica-
tion; a 25th storage volume 1225’ (e.g., having a volume
of 0.2 mL) for ADT product; a 26th storage volume 1226’
(e.g., having a volume of 0.025mL) for mRNA product; a
27th storage volume 1227’ (e.g., having a volume of 0.11
mL) for functionalized particles; a 28th storage volume
1228’ (e.g., having a volume of 0.03 mL) for magnetic
retrieval particles; a 29th storage volume 1229’ (e.g., hav-
ing a volume of 0.66 mL) for AMPure XP particles; 30th

storage volume 1230’ for magnetic particle retrieval col-
lection; a 31st storage volume 1231’ for magnetic particle
preparation; a 32nd storage volume 1232’ for magnetic
particle second strand synthesis; a 33rd storage volume
1233’ for magnetic particle retrieval post-PCR cDNA am-
plification; a 34th storage volume 1234’ for AMPure XP
particle purification; a 35th storage volume 1235’ for a
first antibody-derived tag purification operation; a 36th

storage volume 1236’ for a second antibody-derived tag
purification operation; a 37th storage volume 1237’ for
AMPure XP particle ADT post-PCR purification; a 38th

storage volume 1238’ for mRNA AMPure XP particle pu-
rification; a 39th storage volume 1239’ for mRNA AMPure
XP particles post-PCR purification; a 40th storage volume
1240’ for a first exonuclease treatment; a 41st storage
volume 1241’ for a second exonuclease treatment; a 42nd

storage volume 1242’ for second strand synthesis; a 43rd

storage volume 1243’ for a first cDNA amplification op-
eration; a 44th storage volume 1244’ for a second cDNA
amplification operation; a 45th storage volume 1245’ for
a third cDNA amplification operation; a 46th storage vol-
ume 1246’ for a fourth cDNA amplification operation; a
47th storage volume 1247’ for antibody-derived tag frac-
tion amplification; a 48th storage volume 1248’ for mRNA
amplification; and a 49th storage volume 1249’ for a cell
suspension.

2.1.2 Deck-Supported Element: Sample cartridge

[0040] As shown in FIGURES 2A and 2B, the deck 110
also includes at least one region 112 for supporting a unit
of the sample processing cartridge 130, where the region
112 functions to position the sample processing cartridge
130 relative to portions of the heating and cooling sub-

system 150, the pumping subsystem 157, and the fluid
level detection subsystem 159 described in more detail
below. In this regard, the region 112 can include one or
more openings, recesses, and/or protrusions for provid-
ing interfaces between complementary portions of the
sample processing cartridge 130 and associated por-
tions of the heating and cooling subsystem 150, the
pumping subsystem 157, and the fluid level detection
subsystem 159, and additionally to promote and maintain
alignment between such portions.
[0041] The sample processing cartridge 130 functions
to provide one or more sample processing regions in
which cells are captured and optionally sorted, proc-
essed, or otherwise treated for downstream applications,
where the downstream applications can be performed
on the sample processing cartridge 130 (e.g., on-chip)
and/or away from the sample processing cartridge 130
(e.g., off-chip). Portions of the sample processing car-
tridge 130 can be configured within a single substrate,
but can additionally or alternatively include multiple por-
tions (e.g. connected by fluidic pathways) across multiple
substrates.
[0042] As shown in FIGURES 4A-4C, an example of
the sample processing cartridge 130’ can include a base
substrate 131 to which other elements are coupled and/or
in which other elements are defined. Furthermore, in re-
lation to sample processing involving microfluidic ele-
ments, the base substrate 131 can function as a manifold
for fluid transfer to microfluidic elements, accessing of
sample processing volumes at various stages of process-
ing, and transfer of waste materials produced during
sample processing. In variations, the base substrate 131
supports one or more of: a sample processing chip 132,
an inlet reservoir 133 for receiving sample material (e.g.,
containing cells, containing particles, etc.) and delivering
it into the sample processing chip 132, an access region
134 for accessing one or more regions of the sample
processing chip 132, a lid 135 covering the access region
and including a gasket 136 providing sealing functions,
and a waste containment region 137 for receiving waste
material from the sample processing chip 132. The car-
tridge may have additional gasketed ports to also connect
with off-cartridge pumping system present in the instru-
ment. Variations of the base substrate 131 can, however,
include other elements. For instance, as described in
more detail below, the base substrate can include one
or more openings, recesses, and/or protrusions that pro-
vide further coupling with the sample processing chip
132, in order to collectively define valve regions for open-
ing and closing flow through the sample processing chip
132.
[0043] As shown in FIGURES 4A and 4C (bottom
view), the sample processing chip 132, (equivalently re-
ferred to herein as a microwell device or a slide) defines
a set of wells (e.g. microwells). Each of the set of wells
can be configured to capture a single cell and/or one or
more particles (e.g., probes, beads, etc.), any suitable
reagents, multiple cells, or any other materials. In varia-
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tions, microwells of the sample processing chip 132 can
be configured for co-capture of a single cell with a single
functional particle, in order to enable analyses of single
cells and/or materials from single cells without contami-
nation across wells. Embodiments, variations, and ex-
amples of the sample processing chip 132 are described
in one or more of: U.S. Application number 16/048,104,
filed 27-JUL-2018; U.S. Application number 16/049,057,
filed 30-JUL-2018; U.S. Application number 15/720,194,
filed 29-SEP-2017; U.S. Application number 15/430,833,
filed 13-FEB-2017; U.S. Application number 15/821,329,
filed 22-NOV-2017; U.S. Application number
15/782,270, filed 12-OCT-2017; U.S. Application number
16/049,240, filed 30-JUL-2018; U.S. Application number
15/815,532, filed 16-NOV-2017; U.S. Application
number 16/115,370, filed 28-AUG-2018, U.S. Applica-
tion number 16/564,375, filed 09-SEP-2019, and U.S.
Application number 16/816,817, filed 12-MAR-2020.
[0044] In material composition, the sample processing
chip 132 can be composed of microfabricated silicon or
glass-fused silica materials, which function to enable
higher resolution of the set of wells, enabled, for instance,
by defining sharper edges (e.g., thinner well walls, well
walls arranged at an angle approaching 90 degrees, etc.)
in the set of wells. Materials and fabrication processes
described can further enable one or more smaller char-
acteristic dimensions (e.g., length, width, overall foot-
print, etc.) of the microwell cartridge as compared to con-
ventional chip designs. Additionally or alternatively, the
substrate include any other suitable material, such as -
but not limited to - a polymer, metal, biological material,
or any other material or combination of materials. Sample
processing chip 132 maybe fabricated by various proc-
esses such as precision injection molding, precision em-
bossing, microlithographic etching, LIGA based etching,
or by other suitable techniques.
[0045] In some variations, one or more surfaces of the
set of wells (e.g., bottom surface, side surface, bottom
and side surfaces, all surfaces, etc.) can be reacted with
oligonucleotide molecules for capture of biomarkers from
individual cells into individual microwells. The oligonu-
cleotide molecules present on each and individual micro-
wells maybe barcoded to allow biomarkers processed in
each microwell to be linked back to a particular well and
hence a particular single cell. In one variation, the set of
wells includes a set of microwells having hexagonal cross
sections taken transverse to longitudinal axes of the
wells.
[0046] In one variation, as shown in FIGURE 4C, the
sample processing chip 132 can include an inlet opening
32, a first fluid distribution network 33 downstream of the
inlet opening, for distribution of fluids to a set of microw-
ells 34, a second fluid distribution network 35 down-
stream of the set of microwells 34, and an outlet opening
36 coupled to a terminal portion of the second fluid dis-
tribution network 35, for transfer of waste fluids from the
sample processing chip 132. In this variation, the sample
processing chip 132 is coupled to a first side (e.g., under-

side) of the base substrate 131 (e.g., by laser welding,
glue bonding, solvent bonding, ultrasonic welding or an-
other technique). Coupling of the sample processing chip
132 to the side of the base substrate 131 can enable
transfer of heat from the heating and cooling subsystem
150 to the set of microwells 34 and/or other regions of
the sample processing chip 132, where the heating and
cooling subsystem 150 is described in more detail below.
[0047] The base substrate 131, as described above,
can also include an inlet reservoir 133 (e.g., defined at a
second side of the base substrate 131 opposing the first
side to which the sample processing chip 132 is coupled).
The inlet reservoir functions to receive sample material
(e.g., samples containing cells, sample containing bar-
coded cells, sample containing encapsulated materials,
samples containing particles, etc.) and/or sample
processing materials from the reagent cartridge 120 de-
scribed above, for delivery into the inlet opening 32 of
the sample processing chip 132. In variations, the inlet
reservoir 133 can be defined as a recessed region within
a surface of the base substrate 131, wherein the re-
cessed region includes an aperture that aligns with
and/or seals with the inlet opening 32 of the sample
processing chip 132. The inlet reservoir 133 of the base
substrate 131 can interface with upstream fluid contain-
ing components and/or bubble mitigating components,
as described in one or more of: U.S. Application number
16/048,104, filed 27-JUL-2018; U.S. Application number
16/049,057, filed 30-JUL-2018; U.S. Application number
15/720,194, filed 29-SEP-2017; U.S. Application number
15/430,833, filed 13-FEB-2017; U.S. Application number
15/821,329, filed 22-NOV-2017; U.S. Application
number 15/782,270, filed 12-OCT-2017; U.S. Application
number 16/049,240, filed 30-JUL-2018; U.S. Application
number 15/815,532, filed 16-NOV-2017; U.S. Applica-
tion number 16/115,370, filed 28-AUG-2018, U.S. Appli-
cation number 16/564,375, filed 09-SEP-2019, and U.S.
Application number 16/816,817, filed 12-MAR-2020.
[0048] The inlet reservoir 133 can also be configured
to interface with a fluid level detection subsystem 159
supported by or otherwise interfacing with the deck 110,
as described in more detail below. In particular, portions
of the inlet reservoir 133 can be composed of materials
that enable sensing of fluid levels within the inlet reservoir
133 (e.g., by optical interrogation, by pressure sensing,
by weight sensing, etc.). For instance, the inlet reservoir
133 can be composed of an optically transparent or trans-
lucent material to visible spectrum electromagnetic radi-
ation and/or non-visible spectrum electromagnetic radi-
ation (e.g., by fabrication with different materials, by fab-
rication to produce thin regions of material at the inlet
reservoir 133, etc.), where sensing elements of the fluid
level detection subsystem 159 can be configured to in-
terrogate a level of fluid within the inlet reservoir 133 ac-
cordingly.
[0049] In variations, one or more of the inlet reservoir
133 of the base substrate 131 and the inlet 32 of the
sample processing chip 132 can include valve compo-

15 16 



EP 3 966 307 B1

11

5

10

15

20

25

30

35

40

45

50

55

nents that can be open or closed by one or more com-
ponents of the system 100. In a first variation, the inlet
reservoir 132 includes an aperture that can be accessed
by a pipette tip or any other suitable attachment of a fluid
handling subsystem coupled to the gantry 170 (described
in more detail below). In some embodiments, the aper-
ture can be closed and therefore prevent fluid from
traveling from the inlet reservoir 132 to the sample
processing chip 132. The inlet reservoir 132 can, how-
ever, be configured in another suitable manner. The
opening associated with the inlet reservoir 133 may have
a conical shape surface open towards the top allowing
interfacing and sealing a pipette tip such that fluid (aque-
ous solutions or oil or air) may be pumped directly into
the microchannel defined in 33 in Figure 4C.
[0050] As shown in FIGURES 4A and 4B, the base
substrate 131 can also define an access region 134 for
accessing one or more regions of the sample processing
chip 132, where the access region can allow regions of
the sample processing chip 132 to be observed and/or
extracted from the sample processing chip 132 at various
phases of sample processing. As shown in FIGURES 4A
and 4B, the access region 134 can be defined as a re-
cessed region within the base substrate 131, and include
an opening 37 aligned with the region of the sample
processing chip 132 that includes the set of microwells.
The sample processing chip 132 may have as few as
100 microwells to as many as 100 million microwells. As
such, in variations wherein the microwell region is open
to the environment (e.g., without a covering to seal the
wells), the opening 37 of the access region 134 can func-
tion as a microwell to provide access to contents of the
microwells for observation and/or material extraction
(e.g., by magnetic separation, as described in further de-
tail below). The opening 37 can match a morphology and
footprint of the microwell region, and in a first variation,
as shown in FIGURE 4B, can be a square opening. How-
ever, in other variations, the opening 37 can have another
suitable morphology.
[0051] As shown in FIGURES 4A-4C, the base sub-
strate 131 can include or otherwise couple to a lid 135
covering the access region 134, where the lid 135 can
include a gasket 136 providing sealing functions, and
where the lid 135 functions to transition the access region
134 between open and closed modes, thereby prevent-
ing evaporative sample loss and/or contamination of con-
tents of the sample processing chip 132 during operation.
The lid 135 can additionally or alternatively function to
protect the contents of the microwells or other processing
regions of the sample processing chip 132 from debris,
enable a processing of the contents of the sample
processing chip 132 (e.g. by isolating regions from the
ambient environment), initiate the start of a protocol (e.g.,
by opening to accept reagents from a pipettor), prevent
user manipulation of the sample processing chip 132
(e.g., by closing after all necessary reagents have been
added), define (e.g., with the lid 135) part or all of a fluid
pathway, cavity, or reservoir (e.g. serve as the top surface

of a fluidic pathway between the inlet and the set of mi-
crowells, serve as a boundary of a fluid pathway adjacent
the microwell region, serve as the top surface of a fluidic
pathway between the set of wells and the waste chamber,
etc.), or perform any other suitable function.
[0052] As shown in FIGURE 4B, in at least one varia-
tion, the lid 135 can be complementary in morphology to
features of the access region 134, such that the lid 135
mates with the access region 134, while providing a gap
with the sample processing chip 132. Additionally, in var-
iations (shown in FIGURE 4B and 4C), the lid 135 can
be substantially flush with the base substrate 131 at a
top surface when the lid 135 is in the closed position.
However, the lid 135 can be morphologically configured
in another suitable manner.
[0053] In variations, a protrusion 38 of the lid 135 can
interface with the opening 37 of the access region 134,
thereby substantially preventing access to the opening
37 when the lid is in the closed position. As shown in
FIGURE 4B, in some variations, the protrusion 38 can
have a base (or other region) surrounded by a gasket
136, which functions to seal the opening 37 of the access
region 134 in the closed position of the lid 135. Variations
of the lid 135 can, however, omit a gasket and promote
sealing of the access region 134 in another suitable man-
ner.
[0054] In some variations, the lid 135 can include a
locking or latching mechanism that allows the lid 135 to
be maintained in the closed position with the base sub-
strate 131 until the locking/latching mechanism is re-
leased. In the variation shown in FIGURES 5A-5C, a pe-
ripheral portion of the lid 135 can include a one or more
tabs 39 that interface with corresponding tab receiving
portions of the base substrate 131, where, the tabs 39
are configured to flex when pushed into the base sub-
strate 131 until they interface with the tab receiving por-
tions of the base substrate 131 and return from a flexed
configuration to a latched state. Additionally or alterna-
tively, in the variation shown in FIGURES 5A-5C, the
locking/latching mechanism can include a releasing body
41 (e.g., bar, recess, hook, etc.) that can be interfaced
with in order to release the tab(s) 39 from the tab receiving
portions, and transition the lid 135 from the closed mode
to the open mode in relation to the base substrate 131.
As such, the lid 135 provides the lid an open mode in
which the access region 134 is uncovered and a closed
mode in which the access region 134 is covered. In the
variation shown in FIGURES 5A-5C, the releasing ele-
ment 41 includes a bar that is recessed away from the
access region 134 of the base substrate 131, where the
bar can be reversibly coupled to a lid-opening tool 145.
In variations, the lid-opening tool 145 can include a first
region (e.g., first end) that interfaces with a an actuator
(e.g., actuating tip, pipettor of a fluid handling subsystem
coupled to the gantry 170 described below, etc.), and a
second region (e.g., second end) including a linking el-
ement 42 configured to interface with the releasing ele-
ment 41 of the lid 135. Then, with movement of the pi-
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pettor/pipette interface, the lid-opening tool 145 can be
configured to pull on the releasing element 41 and/or
push on the lid 135 in order to transition the lid between
open and/or closed modes. As such, in relation to fluid
handling elements coupled to the gantry 170 described
below, the system 100 can provide operation modes for:
coupling a lid-opening tool 145 to an actuator (e.g., cou-
pled to a gantry 170), the lid-opening tool including a
linking element 42; moving the lid-opening tool into align-
ment with a releasing element 41 of the lid 135, reversibly
coupling the linking element 42 with the releasing ele-
ment 41; and applying a force to the releasing element
41, thereby releasing the lid 135 from a latched state and
transitioning the lid 135 from a closed mode to an open
mode. In order to effectively apply an unlatching force
(e.g., by the actuator (e.g., coupled to a gantry 170), the
base substrate 131 can be retained in position (e.g., by
retention elements described in Section 2.1.4, by reten-
tion elements of the heating and cooling subsystems, by
retention elements of the fluid level detection subsystem,
by retention elements of the deck, etc.) which passively
or actively apply counteracting forces against the un-
latching forces applied through the lid-opening tool 145.
[0055] In variations, however, the locking/latching
mechanism can additionally or alternatively include or
operate by way of: a lock-and-key mechanism, magnetic
elements, or another suitable mechanism. Furthermore,
in alternative variations, the lid 135 can include another
lid actuator, for instance, including a motor that rotates
the lid about an access parallel to a broad surface of the
sample processing cartridge 130. The actuator can ad-
ditionally or alternatively be configured to translate the
lid 135 (e.g. slide the lid 135 parallel to a broad surface
of the sample processing cartridge 130, translate the lid
135 perpendicular to the broad surface, etc.) or otherwise
move the lid 135 to selectively cover and uncover one or
more predetermined regions (e.g. the set of microwells).
As such, the lid 135 can be configured to operate in an
automated or semi-automated fashion, such that the lid
135 automatically closes upon one or more triggers (e.g.,
cell capture protocol is initiated by a user, cell processing
protocol is initiated by a user, all reagents for a selected
protocol have been added from the reagent cartridge
120, etc.) and opens upon one or more triggers (e.g., cell
capture protocol has been completed, upon user request,
it has been determined that the cells are viable, it has
been determined that single cells have been captured,
etc.). Additionally or alternatively, operation of the lid 135
can be initiated and/or completed by a user, operated
according to a schedule or other temporal pattern, or oth-
erwise operated.
[0056] As shown in FIGURES 4A-4C, the base sub-
strate 131 can also include a waste containment region
137 for receiving waste material from the sample
processing chip 132. The waste containment region 137
can also function to maintain desired pressures (e.g.,
vacuum pressures, etc.) within the sample processing
chip 132, thereby enabling flow of liquid from the inlet

reservoir 133 through the sample processing chip 132
and to the waste containment region 137. The waste con-
tainment region 137 can be defined as a volume (e.g.,
recessed into the base substrate 131, extending from the
base substrate 132, coupled to an outlet of the base sub-
strate 131, etc.) for receiving waste or other materials
from the sample processing chip 132. In the variation
shown in FIGURES 4A-4C, the waste containment region
137 is defined at a side of the base substrate 131 oppos-
ing the side to which the sample processing chip 132 is
coupled, such that waste from the sample processing
chip 132 is pushed or pulled upward into the waste con-
tainment region 137 by forces of the pumping subsystem
157 described in more detail below. However, the waste
containment region 137 can additionally or alternatively
be configured in another suitable position relative to the
base substrate 131 and the sample processing chip 132,
in order to receive waste.
[0057] The waste containment region 137 can have a
volumetric capacity of 10-100 mL or another suitable vol-
umetric capacity.
[0058] As shown in FIGURES 4A-4C, the waste con-
tainment region 137 can include a cover 48 (e.g., a cover
that is approximately co-planar with the lid 135), which
facilitates containment of waste within the waste contain-
ment region 137. Alternatively, the waste containment
region 137 may not include a cover. Furthermore, as
shown in FIGURE 4C, examples of the waste contain-
ment region 137 can include a pump outlet 51 distinct
from the cover, where the pump outlet 51 can allow the
residual air in the waste chamber to be pressurized by
an off-cartridge pump(e.g., by pumping mechanisms,
etc.); however, variations of the waste containment re-
gion 137 can alternatively omit a waste outlet.
[0059] In relation to the waste containment region 137,
the system 100 can further include a valve 43 configured
to allow and/or prevent flow from the sample processing
chip 132 to the waste containment region 137. The valve
43 can interface with the outlet opening 36 of the sample
processing chip 132 described above, in order to enable
and/or block flow out of the outlet opening 36 and into
the waste containment region 137. The valve 43 can have
a normally open state and transition to a closed state
upon interacting with a valve-actuating mechanism. Al-
ternatively, the valve 43 can have a normally closed state
and transition to an open state upon interacting with a
valve-actuating mechanism.
[0060] In the variation shown in FIGURES 4A and 6A-
6B, the valve 43 comprises an elastomeric body and is
configured to couple the sample processing chip 132 to
the base substrate 131 through an opening 44 of the
sample processing chip 132 that aligns with a corre-
sponding valve-receiving portion of the base substrate
131. In this variation, a transitionable portion of the valve
43 is configured to be positioned along a flow path from
the outlet opening 36 of the sample processing chip 132
to the inlet of the waste containment region 137 of the
base substrate 132 (e.g., along a flow path from the mi-
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crowell region to an outlet of the sample processing chip
into a waste containment region of the sample processing
cartridge). In an example the opening 44 of the sample
processing chip 132 is contiguous with the outlet opening
37 of the sample processing chip 132; however, in other
variations, the outlet opening 37 and the opening 44 may
be displaced from the each other and connected by an-
other microfluidic channel. As such, closure of the valve
43 can block flow from the outlet opening 37 into the
waste containment region 137, and the valve 43 can be
opened to allow flow from the outlet opening 37 into the
waste containment region 137.
[0061] In a variation shown in the cross sectional im-
ages of the base substrate 131 shown in FIGURE 6B, a
valve actuator 45 can access the base substrate 131
from below (e.g., from below the deck), and pass through
a channel or other recess/opening of the base substrate
132 in order to interact with the valve 43. In particular,
when a tip 46 (aligned with the opening into the base
substrate) of the valve actuator 45 pushes against the
valve (e.g., a elastomeric membrane of the valve 43), as
shown in FIGURES 6B (top), the valve 43 can transition
to a closed state in order to fluidically decouple the outlet
opening 37 of the sample processing chip 132 from the
waste containment region 137. Additionally or alterna-
tively, as shown in FIGURE 6B (bottom), removal of force
by the valve actuator 45 can remove pressure from the
valve 43 and transition it to an open state to fluidically
couple the outlet opening 36 of the sample processing
chip 132 from the waste containment region 137. As
such, the valve actuation subsystem includes an en-
gaged mode wherein the tip extends into the valve open-
ing to deform the elastomeric valve, thereby closing the
flow path, and a disengaged mode wherein the tip is re-
tracted, thereby opening the flow path. However, the
valve 43 can additionally or alternatively be configured
in another suitable manner.
[0062] In other variations, the system can include a
similar mechanism for coupling a valve to other flow paths
of the sample processing chip 132 and/or to the base
substrate 131.
[0063] Variations of the base substrate 131 can, how-
ever, include other elements. For instance, as described
in more detail below, the base substrate 131 can include
one or more openings, recesses, and/or protrusions that
provide further coupling with the sample processing chip
132, in order to promote or inhibit flow through the sample
processing chip 132. For instance, as shown in FIGURE
6A, the base substrate can include a pump opening 46
that couples the base substrate 131 to a pumping ele-
ment of the pumping subsystem 157 (e.g., through deck
110), in order to drive and/or stop fluid flow through the
sample processing chip 132.
[0064] The base substrate 131 of the sample process-
ing cartridge 130 can, however, include other suitable
elements.

2.1.3 Deck-Supported Element: Tool Container

[0065] As shown in FIGURES 2A and 2B, the deck 110
includes at least one region 113 for supporting a unit of
the tool container 140, where the region 113 functions to
position the tool container 140 relative to fluid handling
apparatus of the gantry 170 described below. The region
113 can also position the tool container 140 in proximity
to the reagent cartridge 120 and sample processing car-
tridge 130 being used, in order to provide a more compact
system and improve efficiency of automated operations
involving contents of one or more of the reagent cartridge
120, sample processing cartridge 130, and tool container
140. The region 113 can also include an opening that
allows the tool container 140 to be at least partially re-
cessed below a surface of the deck 110.
[0066] The tool container 140 functions to contain, in
one or more compartments, one or more units of various
tools for fluid aspiration, fluid delivery, separation of tar-
get material from non-target material of a sample, sample
processing cartridge lid-opening tools 145, and/or other
tools, according to one or more workflows for various
applications. As such, the tool container 140 can facilitate
transfer and/or mixing of reagents with sample, fluidically
couple and/or decouple elements at various regions of
the deck 110, or otherwise interact with one or more com-
ponents of the system 100.
[0067] In variations, one of which is shown in FIGURE
7A the tool container 140’ can include a set of tips 141
for fluid aspiration and/or fluid delivery (e.g., to and from
the reagent cartridge 120, to and from the sample
processing cartridge 130, etc.). The set of tips 141 can
include any or all of: standard pipette tips (e.g. P20 tips,
P200 tips, P1000 tips, etc.); additionally or alternatively,
the set of tips can include piercing tools (e.g., to gain
access to a reagent tube through a seal), blunt tips (e.g.
for facilitating fluid flow, for blocking an aperture, for de-
fining a fluidic pathway, etc.), or any other suitable tips.
The tips can be configured or otherwise used in any or
all of: piercing (e.g. piercing a reagent strip foil), trans-
ferring and/or mixing a set of reagents (e.g. a tip for mixing
ethanol and priming buffer, a tip for transferring SPRI
ethanol, a tip for transferring SPRI supernatant, a tip for
transferring SPRI elution buffer, etc.), cell dispensing into
a unit of the sample processing cartridge 130, dispensing
of functionalized particles into a unit of the sample
processing cartridge, facilitating the performance of a
predetermined set of processes (e.g., particle washing,
cell lysis, oil dispensing, pre-reverse-transcription wash,
other workflows described below etc.), or can have any
other suitable function.
[0068] As shown in FIGURE 7A, the set of tips 141 can
be arranged in an array (e.g., according to type, accord-
ing to size, etc.) within the tool container 140, where the
internal base of the tool container 140 can include drip-
catching sections for catching drips leaving the aspira-
tion/delivery ends of the tips from various fluid handling
operations. Furthermore the tool container 140 can in-
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clude spacing elements for preventing individual tips of
the set of tips 141 from contacting each other, thereby
preventing cross-contamination. Furthermore, regions of
one or more of the tips for interfacing with the pipettor
can be conductive (e.g., thermally conductive, electrically
conductive, composed of a metal, composed of a con-
ductive polymer, composed of a semiconducting mate-
rial, etc.).
[0069] In a specific example for a 3’ processing proto-
col shown in FIGURE 7B, the tool container 140" can
include: a first tip 1401 (e.g., with a tip volume of 200 mL,
with a tip volume of 200 uL) for transferring ethanol, a
wash buffer, and/or a priming solution; a second tip 1402
(e.g., with a tip volume of 1000 mL, with a tip volume of
1000 uL) for transferring of a cell suspension; a third tip
1403 (e.g., with a tip volume of 200 mL, with a tip volume
of 200 uL) for transferring functionalized particles; a
fourth tip 1404 (e.g., with a tip volume of 1000 mL, with
a tip volume of 1000 uL) for transferring a wash buffer;
a fifth tip 1405 (e.g., with a tip volume of 1000 mL, with
a tip volume of 1000 uL) for transfer of a particle binding
buffer; a sixth tip (e.g., with a tip volume of 1000 mL, with
a tip volume of 1000 uL) for transfer of DTT and/or a lysis
buffer; a seventh tip 1407 (e.g., with a tip volume of 1000
mL, with a tip volume of 1000 uL) for transfer of perfluo-
rinert oil; an eighth tip 1408 (e.g., with a tip volume of
1000 mL, with a tip volume of 1000 uL) for transfer of
DTT, particle binding solution, and/or wash solution; a
ninth tip 1409 (e.g., with a tip volume of 1000 mL, with a
tip volume of 1000 uL) for transfer of DTT and/or a pre-
RT reaction wash solution; one or more magnetic sleeves
1410 for magnetic retrieval; an 11th tip 1411 (e.g., with a
tip volume of 1000 mL, with a tip volume of 1000 uL) for
transfer of DTT and/or an RT cocktail solution; a 12th tip
1412 (e.g., with a tip volume of 1000 mL, with a tip volume
of 1000 uL) for transfer of an exonuclease treatment; a
13th tip 1413 (e.g., with a tip volume of 1000 mL, with a
tip volume of 1000 uL) for transfer of mineral oil; a 14th

tip 1414 for transfer of an exonuclease treatment; a 15th

tip 1415 (e.g., with a tip volume of 1000 mL, with a tip
volume of 1000 uL) for transfer of a sodium hydroxide
solution; a 16th tip 1416 (e.g., with a tip volume of 1000
mL, with a tip volume of 1000 uL) for transfer of a second
wash buffer; a 17th tip 1417 for transfer of a second strand
synthesis solution; an 18th tip 1418 (e.g., with a tip volume
of 1000 mL, with a tip volume of 1000 uL) for transfer of
a particle solution; a 19th tip 1419 (e.g., with a tip volume
of 1000 mL, with a tip volume of 1000 uL)for transfer of
a second wash buffer; a 20th tip 1420 (e.g., with a tip
volume of 1000 mL, with a tip volume of 1000 uL) for
transfer of a PCR master mix and/or particle solution; a
21st tip 1421 (e.g., with a tip volume of 1000 mL, with a
tip volume of 1000 uL) for transfer of mineral oil; a 22nd

tip 1422 (e.g., with a tip volume of 1000 mL, with a tip
volume of 1000 uL) for transfer of a PCR product; a 23rd

tip 1423 (e.g., with a tip volume of 1000 mL, with a tip
volume of 1000 uL) for transfer of AMPure and/or super-
natant; a 24th tip 1424 (e.g., with a tip volume of 1000

mL, with a tip volume of 1000 uL) for transfer of ethanol;
a 25th tip 1425 (e.g., with a tip volume of 1000 mL, with
a tip volume of 1000 uL) for transfer of ethanol; a 26th tip
1426 (e.g., with a tip volume of 50 mL, with a tip volume
of 50 uL) for transfer of ethanol; and a 27th tip 1427 (e.g.,
with a tip volume of 50 mL, with a tip volume of 50 uL)
for transfer of nuclease-free water and/or derived prod-
ucts.
[0070] In variations, the tool container 140 can addi-
tionally or alternatively include other sample processing
tools. In one variation, the tool container 140 can include
one or more units of a separation tool tip 142 for magnetic
separation of target material from non-target material
(described in more detail below). Additionally or alterna-
tively, in variations, the tool container 140 can additionally
or alternatively include units of a lid-opening tool 145 for
transitioning the lid 135 described above to an open con-
figuration. However, in relation to disposability of the tool
container 140 and/or its contents, the tool container 140
can be configured to contain only disposable elements,
and to omit reusable elements (e.g., units of a lid-opening
tool 145, as shown in FIGURE 2B).
[0071] Furthermore, units of contents of the tool con-
tainer 140 can additionally be included with one or more
of the reagent cartridge 120, the sample processing car-
tridge 130, otherwise arranged at the deck 110, separate
from the deck 110, separate from the system 100 or oth-
erwise arranged. In other variations, re-useable tools
used in the tool container 140 may include other tools
that use electrical, electromagnetic, optical or combina-
tion of different modalities to interact with the gantry 170
and be moved to specific locations over the reagent car-
tridge 120 and/or the sample processing cartridge 130
to provide specific energies (e.g., heat, optical signals,
electromagnetic waves, etc.) and/or sense specific sig-
nals (e.g., optical, thermal, electromagnetic, etc). These
tools may be wired to the control electronics or may be
wirelessly charged and controlled/communicated.

2.1.4 Deck-Supported Elements - Registration and Re-
tention Features

[0072] As shown in FIGURES 8A through 8I, the deck
110 can include a set of retention elements positioned
relative to region 111 for the reagent cartridge 120, region
112 for the sample processing cartridge 130, and region
113 for the tool container 140, where the set of retention
elements function to register and retain the reagent car-
tridge 120, sample processing cartridge 130, and tool
container 140 at the deck 110 during operation to process
samples, and to enable release of the reagent cartridge
120, sample processing cartridge 130, and tool container
140 from the deck 110 when appropriate. The set of re-
tention elements can include mechanical retention ele-
ments (e.g., recesses, protrusions, etc.) configured pro-
vide retention by way of a snap fit, a press fit, ratcheting,
or another suitable mechanism. Additionally or alterna-
tively, the set of retention elements can include magnetic
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retention elements or other suitable retention elements.
In variations including magnetic retention elements, as-
sociated magnets can be positioned away from magnetic
separation areas of the reagent cartridge 120 and deck
110 (described in relation to 2.1.8 below) so as to not
interfere with associated magnetic separation mecha-
nisms. Alternatively, the associated magnets can be po-
sitioned in proximity to the magnetic separation areas of
the reagent cartridge 120 and deck 110, in order to facil-
itate magnetic separation operations performed at the
reagent cartridge 120 (and/or other suitable portions of
the system.
[0073] The retention elements can provide uniform
mechanisms for each of the reagent cartridge 120, sam-
ple processing cartridge 130, and tool container 140. Al-
ternatively, the reagent cartridge 120, sample processing
cartridge 130, and tool container 140 can each include
different retention elements that operate by different
mechanisms as appropriate. The retention mechanisms
supported by the set of retention elements can be man-
ually operated (e.g., a user interacts with the retention
elements to disengage and/or engage a component with
the deck 110). Additionally or alternatively, the retention
mechanisms supported by the set of retention elements
can be non-manually operated (e.g., with actuators cou-
pled to the retention elements in order to transition them
between engaged and disengaged modes). Retention
mechanisms are configured to operate with appropriate
morphologies (e.g., to facilitate engagement by a manual
operator or apparatus), loading and unloading forces,
and/or transmitted forces (e.g., to other sensitive ele-
ments of the deck 110).
[0074] In the variation shown in FIGURE 8A, the deck
110 can include a first subset of retention elements 21
corresponding to region 111 for the reagent cartridge
120, a second subset of retention elements 22 corre-
sponding to region 112 for the sample processing car-
tridge 130, and a third subset of retention elements 23
corresponding to region 113 for the tool container 140.
[0075] In relation to FIGURE 8A, the first subset of re-
tention elements 21 at region 111 can include a set of
snap ledges positioned about region 111 (e.g., at con-
tralateral sides of region 111), in a manner that comple-
ments corresponding retention interfaces 31 of the rea-
gent cartridge 120. In more detail, as shown in FIGURES
8B and 8C, the retention interfaces 31 of the reagent
cartridge 120’ can include a set of tabs (e.g., flexible tabs)
that can be compressed from a baseline position to be
positioned at region 111, where release from the com-
pressed configuration allows the set of tabs to latch with
the snap ledges. The set of tabs of the retention interfaces
31 can further include gripping features (e.g., bumps,
etc.) that allow a user to compress the set of tabs easily.
In related variations, the first subset of retention elements
21 and corresponding retention interfaces of the reagent
cartridge 120’ can be positioned in another manner. For
instance, the set of tabs of the reagent cartridge can be
positioned at a non-peripheral region of the reagent car-

tridge 120 (e.g., with finger and/or thumb hole cutouts),
with corresponding alignment with the retention elements
21 of the deck 110. In relation to providing robust contact,
the retention elements 21 can be configured to provide
a biasing force against deck elements (e.g., heating and
cooling subsystem elements, magnetic separation sub-
system elements, etc.) that the reagent cartridge 120 in-
teracts with, in order to provide robust contact between
surfaces. The biasing force used against the deck ele-
ments may be at least 0.5 lbs or at least 1 lbs or at least
2 lbs, or at least 3 lbs.
[0076] In relation to FIGURE 8A, the second subset of
retention elements 22 at region 112 can include a set of
snap ledges positioned about region 112 (e.g., at con-
tralateral sides of region 112 and at a third peripheral
side of region 112), in a manner that complements cor-
responding retention interfaces 32 of the sample
processing cartridge 130. In more detail, as shown in
FIGURES 8D through 8G, the retention interfaces 32 of
the sample processing cartridge 130 can include a set
of tabs (e.g., flexible tabs) that can be compressed from
a baseline position to be positioned at region 112, where
release from the compressed configuration allows the
set of tabs to latch with the snap ledges. In this variation,
the sample processing cartridge 130 can be configured
to be inserted into/engaged with a first of the retention
elements 22a (e.g., at a side of the sample processing
cartridge near the inlet reservoir, at a side of the sample
processing cartridge near the waste containment, region,
etc.) prior to latching of the other retention interfaces 22b
with the contralateral snap ledges. Similar to the set of
tabs of the reagent cartridge 120, the set of tabs of the
retention interfaces 32 of the sample processing car-
tridge 130 can further include gripping features (e.g.,
bumps, etc.) that allow a user to compress the set of tabs
easily. In relation to providing robust contact, the reten-
tion elements 22 can be configured to provide a biasing
force against deck elements (e.g., heating and cooling
subsystem elements, pumping subsystem elements,
etc.) that the sample processing cartridge 130 interacts
with, in order to provide robust contact between surfaces.
Furthermore, the set of retention elements 22 of the deck
110 can be configured to reversibly engage the sample
processing cartridge 120 and provide a counteracting
force against the lid-opening tool 145 described in rela-
tion to lid-opening operation modes.
[0077] In relation to FIGURE 8A, the third subset of
retention elements 23 at region 113 can include a set of
snap ledges positioned about region 113 (e.g., at con-
tralateral sides of region 113), in a manner that comple-
ments corresponding retention interfaces 33 of the tool
container. In more detail, as shown in FIGURES 8H and
8I, the retention interfaces 33 of the tool container 140
can include a set of tabs (e.g., flexible tabs) that can be
compressed from a baseline position to be positioned at
region 113, where release from the compressed config-
uration allows the set of tabs to latch with the snap ledges.
The set of tabs of the retention interfaces 33 can further
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include gripping features (e.g., bumps, etc.) that allow a
user to compress the set of tabs easily.
[0078] In variations of the retention elements of the
deck 110 described above can, however, include other
suitable features or be configured relative to associated
elements in another suitable manner.

2.1.5 Deck-Supported Element: Heating and Cooling 
Subsystem

[0079] As shown in FIGURES 1A-1D and 2B, the sys-
tem 100 can include a heating and cooling subsystem
150, which functions to transfer heat to and/or from de-
sired regions of the reagent cartridge 120 and/or the sam-
ple processing cartridge 130. The heating and cooling
subsystem 150 can additionally or alternatively function
to maintain desired temperatures within internal volumes
of the system 100. In variations, the heating and cooling
subsystem 150 can include one or more units of: heating
elements (e.g., Peltier heating elements, resistive heat-
ing elements, other heating elements), cooling elements
(e.g., Peltier cooling elements, chilled aluminum block,
fluidic pathway system to circulate coolant, etc.), thermal
contact or non-contact bodies for transferring heat to or
from the heating and cooling elements to other objects,
heat sinks, fans, temperature sensors, and thermal con-
trol circuitry (e.g., with electrical coupling to processing
elements of the base 180 described in more detail below).
In variations, the cooling element(s) can maintain storage
volumes and/or samples between 2 and 8 degrees Cel-
sius, further preferably at 4 degrees Celsius. Additionally
or alternatively, the cooling elements can maintain one
or more storage volumes/samples at any suitable tem-
perature (e.g. below 2 degrees Celsius, above 8 degrees
Celsius, etc.).
[0080] One or more portions of the heating and cooling
subsystem 150 can pass into openings of the deck 110
to thermally interface with or otherwise couple with de-
sired portions of other system elements (e.g., reagent
cartridges, sample processing cartridges, tool container,
etc.) supported by the deck 110, in order to provide heat
transfer functions for various applications. Alternatively,
the deck 110 can be composed of a thermally conductive
material at desired regions for heat transfer applications,
and portions of the heating and cooling subsystem 150
can be configured to contact the thermally conductive
material regions of the deck 110 for heat transfer.
[0081] In the specific example shown in FIGURE 2B,
the heating and cooling subsystem 150 includes a set of
thermal bodies that thermally interface the heating ele-
ments with desired portions of the reagent cartridge 120
and the sample processing cartridge 130 supported by
the deck 110. The set of thermal bodies includes a first
thermal body 156’ (e.g., thermal plate) passing through
an opening of the deck 110’ and configured to interface
with the first domain 121’ of the reagent cartridge 130’
described above, where the first thermal body 156’ in-
cludes an array of recesses for surrounding storage vol-

umes of the first domain 121’ (e.g., to provide a chilled
environment for materials stored in the storage volumes
of the first domain 121’). As shown in FIGURE 2B, the
set of thermal bodies can also include a second thermal
body 157’ (e.g., thermal plate) passing through an open-
ing of the deck 110’ and configured to interface with the
third domain 123’ of the reagent cartridge 130’ described
above, where the second thermal body 157’ includes an
array of recesses for surrounding storage volumes of the
third domain 123’ (e.g., to transfer heat for PCR and/or
other heating operations for processes conducted within
storage volumes of the third domain 123’). As shown in
FIGURE 2B and 6A, the set of thermal bodies can also
include a third thermal body 158’ (e.g., thermal plate)
passing through an opening of the deck 110’ and config-
ured to interface with the set of microwells 34 of the sam-
ple processing chip 132 described above, where the third
thermal body 158’ provides a substantially planar sub-
strate for uniform heat transfer to and from microwells of
the sample processing cartridge 130.
[0082] In variations, the set of thermal bodies can be
coupled to heat sink elements 155 (e.g., at sides of the
thermal bodies away from interfaces with reagent car-
tridges/sample processing cartridges), in order to provide
greater surface area for heat transfer. Furthermore, as
shown in FIGURES 2D-2F, areas between the deck 110
and the base 180 described in more detail below can
include one or more fans 154 and/or ducts 153, in order
to provide thermal mechanisms for convective heat trans-
fer away from the set of thermal bodies as needed. Fur-
thermore, in variations described above, one or more por-
tions of the heating and cooling subsystem 150 (e.g.,
thermal bodies, etc.) can include features that facilitate
retention of corresponding cartridges (e.g., reagent car-
tridges, sample processing cartridges, etc.) in position.
[0083] In variations, one or more of the thermal bodies
and/or other portions of the heating and cooling subsys-
tem 150 can be coupled to actuators that move the ther-
mal bodies into and out of thermal communication with
elements supported by the deck 110; however, variations
of the system 100 can omit actuators of the heating and
cooling subsystem 150.

2.1.6 Deck-Supported Element: Pumping Subsystem

[0084] As shown in FIGURES 1A, 2B, and 6A, the sys-
tem 100 can include a pumping subsystem 157 (e.g.,
coupled to the deck 110 and/or base 180), which func-
tions to provide positive pressure and/or negative pres-
sure to desired portions of the sample processing car-
tridge 130 described above. In more detail, the pumping
subsystem 157 can function to drive fluid flow from the
inlet reservoir 133 and into the sample processing chip
132 of the sample processing cartridge 130. Additionally
or alternatively, the pumping subsystem 157 can function
to remove fluid from the waste containment region 137
of the sample processing cartridge 130 and into an ex-
ternal waste receptacle. In variations, the pumping sub-
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system 157 can include one or more ports 58 (e.g., vac-
uum ports) configured to interface with the sample
processing cartridge 130 through openings in the deck
110, one or more pumps (e.g., vacuum pumps, peristaltic
pumps, etc.) coupled to the ports 58, one or more man-
ifolds to provide pressure driving pathways coupled to
the pump(s), one or more pressure sensors configured
to detect pressure levels along pressure pathways,
and/or one or more control circuit elements configured
to control operation of the pumping subsystem 157 (e.g.,
with electrical coupling to processing elements of the
base 180 described in more detail below). As such, in
variations, portions of the pumping subsystem 157 not
directly coupled to the sample processing cartridge 130.
can be situated between the deck 157 and the base.
[0085] In variations, the port(s) 58 of the pumping sub-
system 157 can be coupled (e.g., physically connected,
fluidically connected, etc.) suitable regions of the sample
processing cartridge 130 (e.g. inlet, wells, etc.), and can
additionally or alternatively be coupled to the reagent car-
tridge 120, another fluidic pathway of the system 100, or
any other suitable component of the system 100.
[0086] In a first specific example, as shown in FIG-
URES 2F and 6A, the pumping subsystem 157 includes
a pump 59 (e.g., peristaltic pump) arranged between the
deck 110 and the base 180, and coupled to the waste
containment region at the waste outlet 51, through a cou-
pling arranged at a bottom broad surface of the base
substrate 131 of the sample processing cartridge 130,
wherein the pump 59 can draw fluid through the sample
processing chip 132 in forward and reverse directions by
applying negative and/or positive pressure accordingly.
Additionally or alternatively, the pumping subsystem 157
can draw fluid from the inlet reservoir 133 and through
the sample processing chip 132 at a predetermined pres-
sure (e.g., -0.25 psi or -1 psi or -2.5 psi) according to
triggering events associated with the fluid level detection
subsystem 159 described in more detail below.
[0087] In relation to the sample processing cartridge
130 and forces applied by the lid-opening tool 145 to
transition the lid 135 between closed and open states,
retention elements described in Section 2.1.4 above can
provide a retention force that balances/counteracts a
force applied by the lid-opening tool 145 to open the lid
135, as described above. Additionally or alternatively,
one or more portions of the pumping subsystem 157 can
retain the sample processing cartridge 130 in position
and provide a retention force that balances/counteracts
a force applied by the lid-opening tool 145 to open the
lid 135, as described above. In a specific example, the
port 58 can couple with the sample processing cartridge
130 to provide a counteracting force to the lid-opening
tool 145. However, other portions of the system 110 can
additionally or alternatively provide a counteracting force.

2.1.7 Deck-Supported Element: Fluid Level Detection 
Subsystem

[0088] As shown in FIGURES 1A, 2B, and 9, the sys-
tem 100 can include a fluid level detection subsystem
159 at least partially supported by the deck 110 and con-
figured to interface with the sample processing cartridge
130. The fluid level detection subsystem 159 functions
to detect and/or measure a fluid parameter (e.g. a binary
presence of fluid, a volume of fluid, a fluid flow rate, a
fluid type etc.) associated with fluid at the sample
processing cartridge 130 and/or other fluid processing
elements of the system 100. In variations, the fluid level
detection subsystem 159 can include a fluid level sensor
63 coupled to fluid level control circuitry (e.g., with elec-
trical coupling to processing elements of the base 180
described in more detail below).
[0089] A unit of the fluid level sensor 63 can determine
a fluid parameter associated with the inlet reservoir 133
(e.g. fluid passing from the inlet reservoir to microwells)
of the sample processing cartridge 130. A unit of the fluid
level sensor 63 can additionally or alternatively determine
a fluid parameter associated with an outlet (e.g. fluid
passing from microwells to outlet, fluid passing from out-
let to waste containment region, etc.) of the sample
processing cartridge 130. A unit of the fluid level sensor
63 can additionally or alternatively determine a fluid pa-
rameter associated with the waste containment region
(e.g. volume of fluid in waste containment region) of the
sample processing cartridge 130, or any other suitable
fluid parameter. The fluid level sensor 63 can include any
or all of: an optical sensor, pressure sensor, temperature
sensor (e.g. to detect a fluid of certain temperature in a
fluidic pathway), or any other suitable sensor configured
to detect the presence of fluid and optionally determine
a value associated with the fluid (e.g. volumetric flow rate,
etc.) in the sample processing cartridge.
[0090] In a first variation, the system includes an optical
sensor 63 configured to detect the presence of fluid being
transferred from the inlet to the set of wells. In an exam-
ple, an infrared (IR) emitter/detector pair is used to de-
termine the presence of fluid and a volume of the fluid
being transferred (e.g. further based on the duration of
time that the fluid is present) at the inlet reservoir 133 of
the sample processing cartridge 130.
[0091] In the specific example shown in FIGURES 2B
and 9, the fluid level detection subsystem 159 includes
an IR emitter 63a displaced from and opposing an IR
detector 63b across the inlet reservoir 133 of the sample
processing cartridge 130, where the IR emitter 63a and
IR detector 63b are configured to be positioned within an
underside internal portion of the base substrate 131 of
the sample processing cartridge 130, to pass IR radiation
across walls and an internal volume of the inlet reservoir
133, thereby enabling fluid level detection. Variations of
the fluid level sensor 63 can, however, be configured in
another suitable manner.
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2.1.8 Deck-Supported Element: Separation Subsystem 
and Operation Modes

[0092] As shown in FIGURES 1A, 2B, and 10A-10C,
the system 100 can include a separation subsystem 160,
which functions to facilitate separation of target material
from non-target material (e.g., using magnetic forces, us-
ing other forces). In variations, the separation subsystem
160 can include embodiments, variations, and examples
of components described in U.S. Application 62/866,726,
titled "System and Method for Target Material Retrieval
from Microwells" and filed on 26-JUN-2019. However,
variations of the separation subsystem 160 can addition-
ally or alternatively include other components.
[0093] In one variation, as shown in FIGURES 10A-
10C, the separation subsystem 160 can include a first
body 161 including an interface 162 to the fluid handling
subsystem (e.g., pipette interface) of the gantry 170 de-
scribed below, and a magnetic distal region 163 config-
ured to provide magnetic forces for target material sep-
aration. In this variation, the magnetic distal region 163
can be configured to couple with one or more units of the
magnetic sleeves 1410 (e.g., of tool container 140) de-
scribed above, where the magnetic sleeves 1410 can be
disposable elements. Furthermore, the interface 162 can
be configured to couple to a pipetting head coupled to
the gantry 170 described in more detail below, in order
to facilitate target or non-target material retrieval by way
of magnetic forces, fluid aspiration, and/or fluid delivery
operations provided by the pipetting head. As such, the
system 100 can include a separation mode in which the
gantry 170 transports the first body 161, coupled to the
magnetic sleeve 1410, between the sample processing
cartridge 130 and the reagent cartridge 120 for magnetic
separation of target material from a sample. Furthermore,
examples of methods implemented using the separation
subsystem 160 can produce rapid retrieval of target ma-
terial, with a retrieval efficiency of >90% where only mag-
netic particles coupled to target material (or non-target
material) of the sample are retrieved. The separation sub-
system 160 can thus function to produce increased se-
lective retrieval efficiency can thus reduce downstream
costs in relation to processing reagent and other material
costs (due to reduced volumes needed, due to reduced
splits in biochemistry reactions) and processing burden.
[0094] As shown in FIGURE 10A, the first body 161
can include an interface 162 to the fluid handling subsys-
tem of the gantry 170 described below, where the inter-
face includes a coupling region that complements a cor-
responding coupling region of the fluid handling subsys-
tem. The coupling region of the interface 162 can operate
by: a magnetic coupling mechanism; a press fit; a snap
fit, a screwing mechanism; a male-female connection; or
another suitable mechanism for providing reversible cou-
pling with the fluid handling subsystem.
[0095] The magnetic distal region 163 of the first body
161 can include or be composed of a material for provid-
ing a permanent magnet, or can alternatively be config-

ured as an electromagnet (e.g., with coupling to suitable
electronics of the system 100). In variations, the magnetic
distal region 163 can be composed of one or more of:
alnico, neodymium, neodymium iron boron, samarium
cobalt, ferrite, and any other suitable magnetic material.
In morphology, the magnetic distal portion 163 can com-
plement a morphology of the magnetic sleeve 1410, such
that units of the magnetic sleeve 1410 can couple (e.g.,
reversibly couple) with the magnetic distal portion. Fur-
thermore, the morphology and pole configuration of the
magnetic distal portion 163 is such that nearly normal
magnetic force is applied to majority of the target micro-
wells from where entrapped particles are being removed.
[0096] The magnetic sleeve 1410 can include a first
region 1410a configured to interface with the sample
processing chip 132, for instance, through access region
134, in order to enable transfer of material from the sam-
ple processing chip 132. The magnetic sleeve 1410 can
also include a second region 1410b for coupling with the
magnetic distal portion 163 of the first body 161, and an
internal cavity 1410c passing from the first region to the
second region. The magnetic sleeve 1410 functions to
provide structures that separate the first body 163 from
physically contacting wells or other sensitive material of
the sample processing chip 132, and to support applica-
tion of a magnetic field to the desired regions for retrieval
of target material (or non-target material). The magnetic
sleeve 1410 can also function to prevent sample cross
contamination, by serving as a disposable component
that can be discarded between uses of the system 100.
[0097] The magnetic sleeve 1410 can be morpholog-
ically prismatic with an internal cavity 1410c, where the
cross section of the magnetic sleeve 1410 along its lon-
gitudinal axis is defined by a polygonal perimeter, an el-
lipsoidal perimeter, an amorphous perimeter, or a bound-
ary of any other suitable shape (e.g., closed shape, open
shape). The cross section of the magnetic sleeve 1410
can complement a shape of a footprint of the microwell
region of the sample processing chip 132, but may alter-
natively not complement a shape corresponding to the
sample processing chip 132. The magnetic sleeve 1410
preferably has a wall thickness that supports application
of a magnetic force, from the magnetic distal portion 163,
to the sample processing chip 132 interfacing with the
first region 1410a of the magnetic sleeve 1410. The wall
thickness can be constant or non-constant along the
length of the adaptor 210. In examples, the wall thickness
can range from 0.2 to 3 mm thick; however, in other ex-
amples, the wall thickness can have any other suitable
thickness. The surface of the magnetic sleeve 1410 that
receives the magnetic particles is made smooth (say sur-
face finish better than SPIB1) such that the small mag-
netic particles (1-3 micron) do not gets entrapped in the
surface during the bead capture onto its surface and sub-
sequent release to another receptacle.
[0098] The magnetic sleeve 1410 can additionally or
alternatively include structural features that enable sep-
aration operation modes of the separation subsystem

31 32 



EP 3 966 307 B1

19

5

10

15

20

25

30

35

40

45

50

55

160. For instance, in relation to release of the magnetic
sleeve 1410 from the pipetting head (described in more
detail below), the magnetic sleeve 1410 can include a
protrusion 1410d configured to allow another object (e.g.,
sleeve stripping tool 165) to provide a force against the
protrusion 1410d to release the magnetic sleeve 1410
from the first body 161.
[0099] As described above, the magnetic sleeve 1410
couples, at a first region 1410a, to a region of the sample
processing chip 132 exposed through access region 134,
in order to facilitate application of magnetic force to the
region, and to enable drawing of material (e.g., target or
non-target material coupled to magnetic particles) into
the magnetic sleeve 1410 for further downstream
processing. The magnetic sleeve 1410 can thus include
a seal at the first region 1410a, in order to facilitate mech-
anisms for drawing target material from the sample
processing chip 132 into the magnetic sleeve 1410. The
seal can be a separate element or an element integrated
with the magnetic sleeve 1410. The magnetic sleeve
1410 can, however, omit a seal at the first region 1410a.
[0100] The magnetic sleeve 1410 can be composed
of a polymeric material (e.g., plastic) that does not ad-
versely affect the magnetic field applied by the magnetic
distal portion 163 during operation. The magnetic sleeve
1410 can additionally or alternatively include (e.g., in-
clude particles of) or be composed of a material (e.g.,
metallic material) that is magnetic or can produce an in-
duced magnetic field to support applications of use of the
system 100. The magnetic sleeve 1410 can additionally
or alternatively be composed of any other suitable ma-
terial. Distributions of the material(s) of the magnetic
sleeve 1410 can be homogenous or non-homogenous
through the body of the adaptor, in relation to desired
magnetic effects at the capture region of the sample
processing chip 132. The internal cavity 1410c of the
magnetic sleeve 1410 can include a medium (e.g., mag-
netic medium, etc.), or can alternatively not include any
medium.
[0101] As shown in FIGURES 1A, 2B, and 11A-11B,
in variations, the separation subsystem 160 can include
a magnet subsystem 166 including a set of magnets 167
within a housing 168, where the magnet subsystem 166
further includes a magnet actuator 169 configured to
move the set of magnets 167 relative to the deck 110
(e.g., through in opening in the deck 110), and into/out
of alignment with one or more separation reservoirs 129
of the reagent cartridge 120 described above. The mag-
net actuator 169 can also be coupled to control circuitry
(e.g., at the base 180) described in more detail below.
Furthermore, the magnet actuator 169 can be configured
to transition the set of magnets between a retracted state
and an extended state, wherein in the extended state,
the set of magnets passes into the first region of the deck
(e.g., as shown in FIGURES 11A and 11B). As such, the
separation subsystem 160 can also include elements that
are supported by the deck 110 and/or base 180, in order
to enable operations for separating target material from

non-target material.
[0102] In variations, the set of magnets 167 can include
one or more permanent magnets and/or electromagnets
(e.g., with coupling to suitable electronics of the system
100). Permanent magnets can be composed of one or
more of: alnico, neodymium, neodymium iron boron, sa-
marium cobalt, ferrite, and any other suitable magnetic
material.
[0103] In the example shown in FIGURES 11A-11B,
the set of magnets 167 can include a first subset of mag-
nets 167a arranged in a linear array (e.g., for perform-
ance of purification operations at the reagent cartridge
120), where the positions of the first subset of magnets
167a correspond to positions of volumes of the fifth do-
main 125’ for particle separation/purification, described
in relation to the reagent cartridge 120’ above and work-
flows in Section 3 below. In the example shown in FIG-
URE 11A-11B, the set of magnets 167 also includes a
second subset of magnets 167b (e.g., one or more mag-
nets) displaced from or otherwise offset from an axis as-
sociated with the first subset of magnets 167a, in order
to interact with a separation reservoir 129a of the reagent
cartridge 120 (e.g., for initial bead retrieval). The set of
magnets 167 can, however, be arranged in another suit-
able manner (e.g., in relation to distributed arrays, in re-
lation to number, etc.) in relation to providing suitable
interactions with separation reservoirs 129 of the reagent
cartridge 120 or other cartridges.
[0104] The housing 168 functions to surround the set
of magnets 167, and to provide smooth operation in re-
lation to transitioning the set of magnets 167 into/out of
alignment with corresponding portions of the reagent car-
tridge 120. Thus, as shown in FIGURE 11B, in relation
to configurations where there is a first subset of magnets
167a and a second subset of magnets 167b, the housing
168 can include a first surface (e.g., first planar surface)
tracking the first subset of magnets 167a, and a second
surface (e.g., second planar surface) tracking the second
subset of magnets 167b, wherein the first surface 168a
and the second surface 168b are angled away from each
other. In this variation, a pair of opposing walls can extend
from the first surface and the second surface, in order to
promote smooth operation (e.g., sliding operations) of
the housing 168 and magnets through the deck 110 in
order to interface with the reagent cartridge 120.
[0105] In relation to the reagent cartridge 120’, as
shown in FIGURE 3A and 11B, volumes of the reagent
cartridge 120 configured for magnetic separation can
each include a planar surface 128a, or other surface com-
plementary to the housing 168 at sides configured to be
closest to the housing 168 during operation (e.g., in the
extended magnet states). Furthermore, volumes of the
reagent cartridge 120 configured for magnetic separation
can each include a second surface 128b (e.g., curved
surfaces) displaced away from the housing 168 for aspi-
ration and/or delivery of fluids by a pipettor coupled to
the gantry 170 described below. Cross sections taken
longitudinally through separation volumes/reservoirs

33 34 



EP 3 966 307 B1

20

5

10

15

20

25

30

35

40

45

50

55

129 of the reagent cartridge 120 can further be tapered
toward a base of the reagent cartridge 120, such that
separation operations require a lower volume of fluid
and/or provide more efficient aspiration and separation
of target from non-target material.
[0106] As shown in FIGURES 12A through 12J, the
separation subsystem 160 can provide a sequence of
operation modes for material separation, where, as
shown in FIGURE 12A, the operation modes involved
specific system structure configurations of: a first body
161 coupled with a pipetting head or other actuatable
component (e.g., described in relation to the gantry 170
below), the first body having a magnetic distal region 163,
a magnetic sleeve 1410, a sleeve stripping tool 165, a
separation reservoir 129, and a magnet 167b of the set
of magnets 167 described above.
[0107] In more detail, as shown in FIGURE 12B, the
separation subsystem 160 can provide a first operation
mode 164a, where the first operation mode 164a is a
baseline operation mode in which the first body 161 is
uncoupled from a pipette interface or other actuatable
component (e.g., described in relation to the gantry 170
below) and the magnetic distal region 163 of the first body
161 is uncoupled from the magnetic sleeve 1410. The
magnetic sleeve 1410 is further retained by sleeve strip-
ping tool 165 above the separation reservoir 129 (or in
variations, at another position), and the magnet 167b is
displaced away from the separation reservoir 129 (e.g.,
by magnet actuator 169 described above).
[0108] As shown in FIGURE 12C, the separation sub-
system 160 can provide a second operation mode 164b,
where the second operation mode 164b is an initializing
operation mode in which the first body 161 is coupled
with a pipette interface or other actuator interface 6 (e.g.,
described in relation to the gantry 170 below) and the
magnetic distal region 163 of the first body 161 is uncou-
pled from the magnetic sleeve 1410. The magnetic
sleeve 1410 is further retained by sleeve stripping tool
165 above the separation reservoir 129, and the magnet
167b is displaced away from the separation reservoir 129
(e.g., by magnet actuator 169 described above).
[0109] As shown in FIGURE 12D, the separation sub-
system 160 can provide a third operation mode 164c,
wherein, in the third operation mode 164c, the first body
161 is coupled with a pipette interface or other actuator
interface 6 (e.g., described in relation to the gantry 170
below) and moved into alignment with the separation res-
ervoir 129. In the third operation mode 164c, the magnetic
distal region 163 of the first body 161 is coupled with the
magnetic sleeve 1410 above the separation reservoir
129 in the retained position of the magnetic sleeve 1410.
In the third operation mode 164c, magnet 167b is dis-
placed away from the separation reservoir 129 (e.g., by
magnet actuator 169 described above).
[0110] As shown in FIGURE 12E, the separation sub-
system 160 can provide a fourth operation mode 164d,
wherein, in the fourth operation mode 164d, the first body
161 is coupled with a pipette interface or actuator inter-

face 6 (e.g., described in relation to the gantry 170 below)
and the magnetic distal region 163 of the first body 161
is coupled with the magnetic sleeve 1410 above the sep-
aration reservoir 129. In the fourth operation mode 164d,
the pipetting head (or other actuatable component)
moves the first body 161 and magnetic sleeve 1410 out
of the retained position provided by the sleeve stripping
tool 165, to prepare for extraction of material (e.g., func-
tionalized particles from the sample processing car-
tridge) and/or delivery of material from the pipette inter-
face, coupled to the first body and magnetic sleeve, into
the separation reservoir 129. In the fourth operation
mode 164d, magnet 167b is displaced away from the
separation reservoir 129 (e.g., by magnet actuator 169
described above).
[0111] As shown in FIGURE 12F, the separation sub-
system 160 can provide a fifth operation mode 164e,
wherein, in the fifth operation mode 164e, the first body
161 is coupled with a pipette interface or actuator inter-
face 6 (e.g., described in relation to the gantry 170 below)
and the magnetic distal region 163 of the first body 161
is coupled with the magnetic sleeve 1410 above the sep-
aration reservoir 129. In the fifth operation mode 164d,
the pipette interface (or other actuatable component) de-
livers fluid from the pipetting head into the separation
reservoir 129, and the magnetic sleeve 1410, still coupled
with the first body 161 (and coupled to functionalized par-
ticles), is submerged within the fluid in the separation
reservoir 129. In the fifth operation mode 164e, magnet
167b is displaced away from the separation reservoir 129
(e.g., by magnet actuator 169 described above).
[0112] As shown in FIGURE 12G, the separation sub-
system 160 can provide a sixth operation mode 164f,
wherein, in the sixth operation mode 164f, the first body
161 is coupled with a pipette interface or actuator inter-
face 6 (e.g., described in relation to the gantry 170 below)
and the magnetic distal region 163 of the first body 161
is coupled with the magnetic sleeve 1410 above the sep-
aration reservoir 129. In the sixth operation mode 164f,
the pipette interface (or other actuatable component)
moves the magnetic sleeve 1410, still coupled with the
first body 161 back into a retained position at the sleeve
stripping tool 165, and the magnetic sleeve 1410 (still
coupled with functionalized particles) is submerged with-
in the fluid in the separation reservoir 129. In the sixth
operation mode 164f, magnet 167b is displaced away
from the separation reservoir 129 (e.g., by magnet actu-
ator 169 described above).
[0113] As shown in FIGURE 12H, the separation sub-
system 160 can provide a seventh operation mode 164g,
wherein, in the seventh operation mode 164g, the first
body 161 is coupled with a pipette interface or actuator
interface 6 (e.g., described in relation to the gantry 170
below) and the magnetic distal region 163 of the first body
161 is coupled with the magnetic sleeve 1410 above the
separation reservoir 129. In the seventh operation mode
164g, the magnetic sleeve 1410, still coupled with the
first body 161 is in a retained position at the sleeve strip-
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ping tool 165, and the magnetic sleeve 1410 (with func-
tionalized particles) is submerged within the fluid in the
separation reservoir 129. In the seventh operation mode
164g, magnet 167b is displaced toward the separation
reservoir 129 (e.g., by magnet actuator 169 described
above) for to prepare for attraction and retention of target
or non-target material coupled to the functionalized par-
ticles of the fluid against a wall 128a of the separation
reservoir 129.
[0114] As shown in FIGURE 12I, the separation sub-
system 160 can provide an eighth operation mode 164h,
wherein, in the eighth operation mode 164h, the first body
161 is coupled with a pipette interface or actuator inter-
face 6 (e.g., described in relation to the gantry 170 below),
and is being moved away from the separation reservoir
129 to be removed and replaced with a suitable tip from
the tool container described above. In the eighth opera-
tion mode 164h, the magnetic distal region 163 of the
first body 161 is uncoupled from the magnetic sleeve
1410 above the separation reservoir 129, by having the
pipetting head move the first body 161 away from the
magnetic sleeve 1410 while the magnetic sleeve 1410
is retained in position at the sleeve stripping tool 165. In
the eighth operation mode 164h, the magnetic sleeve
1410 is submerged within the fluid in the separation res-
ervoir 129. In the eighth operation mode 164h, magnet
167b is still positioned in proximity to the separation res-
ervoir 129 (e.g., by magnet actuator 169 described
above) for retention of target or non-target material cou-
pled to functionalized particles of the fluid against a wall
128a of the separation reservoir 129. In the eighth oper-
ation mode 164h, the magnet 167b draws target material
toward the bottom of the separation reservoir 129 (e.g.,
for later extraction from the bottom by the pipettor, for
retention while the pipettor draws material unbound by
the magnet 167b).
[0115] As shown in FIGURE 12J, the separation sub-
system 160 can provide a ninth operation mode 164i,
wherein, in the ninth operation mode 164i, the pipetting
head/actuator interface 6 is coupled with a suitable tip
and moved into the separation reservoir 129 to aspirate
material from the separation reservoir 129. In the ninth
operation mode 164i, the magnetic sleeve 1410 is still
retained in position above the separation reservoir 129
at the sleeve stripping tool 165 and submerged within
the fluid in the separation reservoir 129. In the ninth op-
eration mode 164i, magnet 167b is moved away from the
separation reservoir 129 (e.g., by magnet actuator 169
described above) in coordination with aspiration of ma-
terial by the pipetting head.
[0116] FIGURES 13A through 13D depict additional
views of configurations of a magnetic sleeve 1410 with
respect to sleeve stripping tool 165 of a separation res-
ervoir 129 of a reagent cartridge 120, in relation to oper-
ation modes described above.
[0117] Variations of the separation subsystem 160
can, however, include elements and provide modes of
operation for target material retrieval based upon one or

more of: gravitational forces, buoyant forces, centrifugal
forces, chemical separation, and/or any other suitable
separation approaches. In yet another embodiment, tar-
get material retrieval operation by the separation subsys-
tem 160 may be used to transfer target particles from the
microwell chip to another substrate or another new empty
microwell chip while keeping the relative spatial locations
of the different particles being transferred.

2.2 System - Gantry

[0118] As shown in FIGURES 1A-1B, 2A, and 2C-2F,
the system 100 can include a gantry 170 coupled to the
deck 110, which functions to support and/or enable ac-
tuation of one or more tools for various interactions with
elements of the deck 110, along a set of axes. In varia-
tions, the gantry 170 provides one or more rails/tracks
for moving tools, such as pipettor 174 with pipette inter-
face described below, in three dimensional space (e.g.,
a three dimensional volume bound by the first side of the
deck). In variations, tools actuated using the gantry 170
can be moved relative to the sample processing cartridge
130, reagent cartridge 120, tool container 140, or other
elements, for transfer of materials (e.g. cells, reagents,
particles, etc.) across different components supported
by the deck 110. Additionally or alternatively, tools sup-
ported by the gantry 170 can be used for reading of bar-
codes associated with various disposables supported by
the deck 110 (e.g., in relation to identifying proper setup
of a run, in relation to inventory management, etc.). The
gantry 170 preferably enables movement of one or more
tools along one or more axes (e.g., X and Y axes shown
in FIGURE 2A) parallel to broad surfaces of the reagent
cartridge 120, sample processing cartridge 130, and tool
container 140, and additionally along an axis (e.g., Z axis
shown in FIGURE2A) perpendicular to the broad surfac-
es. The gantry 170 can additionally or alternatively ena-
ble movement along a subset of these directions or along
any other suitable direction. In order to enable move-
ment, the gantry 170 includes or is otherwise coupled to
one or more motors (e.g., motors for each axis or direction
of movement), one or more encoders for position identi-
fication in each axis or direction of movement, and/or one
or more switches (e.g., optical switches for each axis) for
control of the gantry 170 (e.g., where the switches are
electrically coupled with control circuity described in re-
lation to the base 180 below).
[0119] In a first variation (e.g., as shown in FIGURES
2A-2B and 2D-2F), the gantry 170 includes a three di-
mensional track assembly (X-Y-Z track assembly) includ-
ing an X-rail 171 for movement of tools along an X-axis,
a Y rail 172 for movement of tools along a Y-axis, and a
Z-rail 173 for movement of tools along a Z-axis. In the
variation shown in FIGURE 2A, the X-rail 171 is coupled
with and slides along the Y-rail 172, and the Z-rail 173 is
coupled with and slides along the X-rail 171; however, in
other variations, the X-rail 171, Y-rail 172, and Z-rail 173
can be coupled and interact with each other in another
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suitable manner. In the variation shown in FIGURE 2A,
the gantry 170 is configured to move tools, using the X-
rail 171 and the Y-rail 172, into alignment with elements
of the deck 110, and is configured to move tools, using
the Z-rail 173 for accessing elements of the deck (e.g.,
portions of the reagent cartridge 120, elements of the
sample processing cartridge 130, tools of the tool con-
tainer 140, etc.). In some variations, the gantry 170 can
be configured to return to a parked position (e.g., once
a protocol is completed, when the system is turned off,
before the lid is opened, etc.), where the parked position
allows the user to access appropriate areas of the deck
(e.g., for refilling tips, filling tubes with reagents, removing
a microwell cartridge, etc.). However, the gantry 170 can
have another suitable baseline position. Various opera-
tion modes of the gantry 170 are further described in
relation to workflows of Section 3 below.

2.2.1 Gantry - Pipettor

[0120] As shown in FIGURE 2A, the gantry 170 can
include and/or or be configured to interact with a pipettor
174, which functions to hold, move, and/or otherwise in-
teract with any number of tips or other tools, such as
those of the tool container 140 described above. In var-
iations, the pipettor 174 assembly can include one or
more of: a pump (e.g., displacement pump) for providing
pressure differentials for delivery and aspiration of fluids,
a pressure sensor for sensing pipetting pressure, a level
sensor for sensing fluid level within the pipettor 174, a
tip detector (e.g., to enable determination of presence or
absence of a tip coupled to the pipettor 174), and a tip
ejection motor coupled to a tip ejector for removing tips
from the pipettor 174. As shown in FIGURE 2A, the pi-
pettor 174 can be coupled to the Z-rail 173 of the gantry
170; however, in other variations, the pipettor 174 can
additionally or alternatively be coupled to other portions
of the gantry 170.
[0121] The pipettor 174 is preferably operable in an
automated fashion (e.g., motorized, mechanized, self-
operating, etc.) and can be configured to control any or
all of the following predetermined parameters: volume
(e.g. dispensing exact volumes, aspirating exact vol-
umes), a height above the well at which each material is
dispensed (e.g. priming buffer is dispensed between 0.25
and 0.3 millimeters above the top of each well, cell sus-
pension is dispensed at a height of 0.25 millimeters above
the top of each well, etc.), or can control any other suitable
property according to any suitable parameter. Addition-
ally or alternatively, the pipettor 174 can be configured
to operate in a manual fashion (e.g., according to a user,
with user intervention, held and used by a user, etc.) or
in any suitable way. In yet another embodiment, the pi-
pettor 174 may be used to pick up one or more tools
associated with the tool container, such as any or all of:
a mechanical tool, magnetic tool, an optical tool, and any
other suitable tool. The tools can be moved by the pipettor
174 to the reagent cartridge and/or the microwell car-

tridge such that the tool(s) can perform specific mechan-
ical/magnetic and/or optical functions with respect to spe-
cific contents of the reagent cartridge or microwell car-
tridge.

2.2.2 Gantry - Other Tools

[0122] Additionally, the gantry 170 can include or sup-
port one or more tools described in relation to other ele-
ments above. For instance, the gantry 170 can be cou-
pled with a unit of lid-opening tool 145 (shown in FIGURE
2B) for transitioning the lid 135 of the sample processing
cartridge 130 between open and closed states. The gan-
try 170 can additionally or alternatively be coupled with
a magnetic head actuator 175 (shown in FIGURE 2B)
associated with the separation subsystem 160 described
above (e.g., in relation to actuation of the first body 161
with magnetic distal region 163) for separation of target
material from non-target material.
[0123] In some variations, the gantry 170 can directly
or indirectly be coupled with a camera 176 (e.g., camera
coupled with a light), which functions to enable reading
of tags (e.g., barcodes) associated with various dispos-
ables supported by the deck 110 (e.g., in relation to iden-
tifying proper setup of a run, in relation to inventory man-
agement, etc.). Additionally or alternatively, the camera
176 can include functionality for transmitting image data
capturing configurations of elements at the deck 110
without reading of specific tags. As shown in FIGURES
2A and 2F, the camera 176 can be coupled to the Z-rail
173 with pipettor 174 described above, such that the cam-
era 176 has a field of view associated with objects that
the pipettor 174 is aligned with. However, motion of the
camera 176 can alternatively be uncoupled from the pi-
pettor 174, such that the camera 176 can be moved in-
dependently of the pipettor 174. In variations, the camera
176 can include components described in applications
above. The camera image can also be used as an addi-
tional feedback mechanism for the precise movement of
the gantry 170 and/or its components (e.g., pipettor,
tools, etc.) to reach a desired location, thereby dramati-
cally improving the accuracy and precision of the motion
system (e.g., to less than 100 microns, less than 50 mi-
crons, less than 25 microns, less than 10 microns, less
than 5 microns, less than 1 micron, etc.).
[0124] Additionally or alternatively, as shown in FIG-
URES 1A and 1B, the gantry 170 can include various
sensors for monitoring environmental or other parame-
ters of the system 100. For instance, in variations, the
sensors can include one or more of: temperature sen-
sors, humidity sensors, pressure sensors, optical sen-
sors, vibration sensors, and other suitable sensors. The
sensors can, however, be positioned relative to the sys-
tem 100 in another suitable manner (e.g., uncoupled from
the gantry 170, positioned at the deck 110, positioned at
the base 180, etc.).
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2.3 System - Base

[0125] As shown in FIGURE 1A, the system 100 can
include a base 180, which functions to support control
and processing architecture associated with elements of
the deck 110 and gantry 170 described above. In varia-
tions, the base 180 can support control and processing
architecture for one or more system functions including:
pressure modification for fluid delivery throughout the
sample processing cartridge 130 and/or pipettor 174; flu-
id level sensing (e.g., at the sample processing cartridge
130, at the pipettor 174, at various storage volumes of
the reagent cartridge 120, etc.); actuation of lid opening
mechanisms of the sample processing cartridge 130;
thermocycling and/or other heating functions for the re-
agent cartridge 120 and/or sample processing cartridge
130; cooling functions for the reagent cartridge 120
and/or sample processing cartridge 130; separation
functions (e.g., elution, magnetic separation, other sep-
aration, etc.); functions for control of the gantry 170; func-
tions involving receiving sensor signals and returning out-
puts; functions involving receiving sensor signals and ex-
ecuting various actions; functions for transitioning sys-
tem doors between various states (e.g., open states,
closed states, locked states, unlocked states, etc.); func-
tions associated with system power management; func-
tions associated with system status indication elements
(e.g., lights, audio output devices, visual output devices,
etc.); functions associated with system input devices
(e.g., buttons, keyboards, keypads, mice, joysticks,
switches, touch screens, etc.); functions associated with
display devices; functions associated with system data
storage devices; functions associated with system trans-
mission devices (e.g., wired transmission devices, wire-
less transmission devices, etc.); and other suitable func-
tions.
[0126] In variations, the base 180 can thus support an
electronics subsystem (e.g. PCB, power source, com-
munication module, encoder, etc.) associated with a
processing architecture (e.g. onboard the system, sep-
arate from the system, etc.), or any other suitable com-
ponent, where the processing architecture can include
any or all of: processors (e.g. microprocessors), control-
lers (e.g. microcontrollers), memory, storage, software,
firmware, or any other suitable component. Additionally,
the processing subsystem can include a machine vision
module, which functions to read tags, verify protocols,
perform error detection (e.g. detect that reagents do not
match an assigned protocol), or perform any other func-
tion.
[0127] For instance, in an example operation flow, an
operator can initiate the performance of the protocol (e.g.,
by pushing a button of the system, by interacting a touch-
sensitive display of the system to make a selection, etc.).
A barcode reader performs an error detection protocol
by scanning tags of the deck elements (e.g, reagent car-
tridge, sample processing cartridge, tool container, etc.)
and comparing with the protocol selected by the user; if

the tags do not match the selected protocol, a notification
can be transmitted to the user, and if the tags are correct,
the protocol can begin. At this point, the operator may no
longer needed. According to one or more workflows,
some of which are described in Section 3 below, the cor-
rect types and volumes of materials (e.g., reagents/sam-
ples) are added to or removed from the sample process-
ing cartridge at the correct times in an automated fashion.
Once the protocol is complete, the operator can proceed
with collecting and/or processing the contents of the mi-
crowell cartridge as desired, and/or setting up a new run.
Variations of methods and workflows enabled by the sys-
tem 100 are further described below.
[0128] Embodiments, variations, and examples of con-
trol and processing architecture are further described in
U.S. Application number 16/048,104, filed 27-JUL-2018;
U.S. Application number 16/049,057, filed 30-JUL-2018;
U.S. Application number 15/720,194, filed 29-SEP-2017;
U.S. Application number 15/430,833, filed 13-FEB-2017;
U.S. Application number 15/821,329, filed 22-NOV-
2017; U.S. Application number 15/782,270, filed 12-
OCT-2017; U.S. Application number 16/049,240, filed
30-JUL-2018; U.S. Application number 15/815,532, filed
16-NOV-2017; U.S. Application number 16/115,370,
filed 28-AUG-2018, U.S. Application number
16/564,375, filed 09-SEP-2019, and U.S. Application
number 16/816,817, filed 12-MAR-2020.

2.4 System - Functional Coupling between Deck, Gantry, 
and Base

[0129] In variations, the deck 110, gantry 170, and
base 180 of the system can be functionally coupled to
provide various functions. Functional coupling can be
electromechanical, mechanical, electrical, magnetic,
pneumatic, fluidic, optical, and/or of other coupling
means, according to various modes of operation. FIG-
URES 14A-14C depict functional coupling for a variation
of a system, as described below.
[0130] FIGURE 14A depicts an example of mechani-
cal, electrical, pneumatic, optical, and magnetic commu-
nication between various elements of the deck 110, gan-
try 170, and base 180. In more detail, as shown in FIG-
URE 14A, the gantry 170 supports actuation-associated
elements including a Z-axis arm 801 associated with Z-
rail 173 described above, 3-axis gantry motors 802, 3-
axis encoders 803, 3-axis optical switches 804, a mag-
netic actuator 805, and a lid-opening tool 806. The gantry
170 further supports pipetting elements including: a pi-
pettor 174, a displacement pump 808, a pipette tip de-
tector 809, a pipette tip ejection motor 810, a level sensor
811, and a pressure sensor 812. The gantry 170 also
supports a camera and light 176 and a set of sensors
814 including temperature and humidity sensors. As
shown in FIGURE 14A, the deck 110 supports a sample
processing cartridge 130, a reagent cartridge 120, and
a tool container 140 including a set of tools 865. As shown
in FIGURE 14A, the base 180 supports a first computing
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subsystem 815, one or more interface boards 816, and
gantry-control circuitry 817. Mechanical, electrical, pneu-
matic, optical, and magnetic communication between
various elements of the deck 110, gantry 170, and base
180 are depicted with various line types in FIGURE 14A.
[0131] FIGURE 14B depicts an example of mechani-
cal, fluidic, magnetic, and pneumatic communication be-
tween various elements of the deck 110 and base 180.
In more detail, as shown in FIGURE 14B, the deck 110
supports a reagent cartridge 120 including: a storage vol-
ume for ambient reagents and functional beads 818, a
sample storage volume 819 for receiving a raw sample
820, a storage volume for storing chilled reagents and/or
results of sample processing 821, a set of storage vol-
umes for separation particles and associated separation
reservoirs 822, and a set of storage volumes for PCR
823, with associated PCR covers 824; a tool container
140 including a set of tools (e.g., pipette tips) 825; a sam-
ple processing cartridge 130; and a set of deck tools 826
including a heater head 827, a suction head 828, and a
magnetic head 829. As shown in FIGURE 14B, a set of
elements interface the deck 110 with the base 180, where
the set of elements can include one or more of: a vacuum
port 830, a pinch actuator 831, a sample processing car-
tridge thermal body 832 (configured to mate with the mi-
crowell region of the sample processing cartridge 130 or
other region of the sample processing cartridge 130), a
first reagent cartridge thermal body 833 (configured to
mate with a domain of the reagent cartridge 120, at the
first region 111, for chilled reagents), a second reagent
cartridge thermal body 834 (configured to mate with a
domain of the reagent cartridge 120, at the first region
111, for PCR thermocycling), a fluid level sensor 836,
and a magnet 835 for separation processes. Mechanical,
fluidic, magnetic, and pneumatic communication be-
tween various elements of the deck 110 and base 180
are depicted with various line types in FIGURE 14B.
[0132] FIGURE 14C depicts an example of electrical
communication between various elements of the deck
110 and base 180. In more detail, as shown in FIGURE
14C, the deck 110 supports a sample processing car-
tridge 130; a reagent cartridge 120 including: a storage
volume for storing chilled reagents and/or results of sam-
ple processing 821, a set of storage volumes for sepa-
ration particles and associated separation reservoirs
822, and a set of storage volumes for PCR 823 with as-
sociated PCR covers; and a set of deck tools 826 includ-
ing a heater head 827. As shown in FIGURE 14C, a set
of elements interface the deck 110 with the base 180,
where the set of elements can include one or more of: a
vacuum port 830, a pinch actuator 831, a sample
processing cartridge thermal body 832, a first reagent
cartridge thermal body 833, a second reagent cartridge
thermal body 834, a magnet 835 for separation process-
es, and a fluid level sensor 836.
[0133] In more detail, the vacuum port 830 is coupled
to a pumping subsystem 837, which includes a vent valve
manifold 838, and a pressure sensor 839. The sample

processing cartridge thermal body 832 is coupled to a
thermocycler 840 of a heating and cooling subsystem,
which includes a heater 841 (e.g., Peltier heater, ther-
mocouples, heat sinks, and fans) and thermal control cir-
cuitry 842. The first reagent cartridge thermal body 833
is coupled to a cooling device 843 of a heating and cooling
subsystem, which includes a cooling element 844 (e.g.,
Peltier cooler, thermocouples, heat sinks, and fans) and
thermal control circuitry 845. The second reagent car-
tridge thermal body 834 is coupled to a heating device
(e.g., for on-board PCR) of a heating and cooling sub-
system, which includes a first heater 846 (e.g., Peltier
heater, thermocouples, heat sinks, and fans), a second
heater 847 coupled to the heat sink, and thermal control
circuitry 848. The magnet 835 is coupled to a magnet
actuator 849. Finally, the fluid level sensor 836 is coupled
to a fluid level controller 850.
[0134] As shown in FIGURE 14C, the base 180 further
supports a first computing subsystem 815, one or more
interface boards 816, a speaker 851, a door locking el-
ement 852 (interfacing with a door magnet 853 to provide
operation modes of a door 90, as described above), a
power inlet 854 coupled to a power supply 855 coupled
to AC mains 856, a power switch 857, indicator lights 858
(e.g., for power/ground effects), exhaust fans 859, a set
of ports (e.g., including an ethernet port 860 and USB
ports 861), and a display 862 (e.g., touchscreen display).
Elements of the base can further interface with off-system
accessories (e.g., input devices 863, storage devices
864). Electrical, communication between various ele-
ments of the deck 110 and base 180 are depicted with
various line types in FIGURE 14C.

3. Method

[0135] As shown in FIGURE 15, an example of a meth-
od 300 for sample processing includes: positioning a re-
agent cartridge, a tool container, and a sample process-
ing cartridge at a deck of a sample processing system
S310; transmitting content of the reagent cartridge be-
tween the sample processing cartridge by using tools of
the tool container in an operational sequence S320; and
processing a sample at the sample processing cartridge
and/or reagent cartridge S330. Additionally or alterna-
tively, the method 300 can include any or all of the proc-
esses described in U.S. Application number 16/048,104,
filed 27-JUL-2018; U.S. Application number 16/049,057,
filed 30-JUL-2018; U.S. Application number 15/720,194,
filed 29-SEP-2017; U.S. Application number 15/430,833,
filed 13-FEB-2017; U.S. Application number 15/821,329,
filed 22-NOV-2017; U.S. Application number
15/782,270, filed 12-OCT-2017; U.S. Application number
16/049,240, filed 30-JUL-2018; U.S. Application number
15/815,532, filed 16-NOV-2017; U.S. Application
number 16/115,370, filed 28-AUG-2018, U.S. Applica-
tion number 16/564,375, filed 09-SEP-2019, and U.S.
Application number 16/816,817, filed 12-MAR-2020.
[0136] The method is preferably performed with an em-
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bodiment, variation, or example of the systems described
above (e.g., in relation to transmission of content be-
tween various elements and/or sample processing), but
can additionally or alternatively be performed with any
other suitable system. The method is further preferably
at least partially automated (e.g., requires user to load
reagents and select a protocol, requires no user inter-
vention, etc.), but one or more portions can additionally
or alternatively be manually performed (e.g., for quality
control steps, for all protocols, for rare protocols, etc.).
[0137] Specific workflows associated with the method
300 and system elements described above are described
in further detail below, where samples (e.g., samples in-
cluding cell-derived material, proteins, mRNAs, proteins
and mRNA; samples that include multiple samples each
tagged with multiplexing barcodes; samples that include
encapsulated particles from either cell or non-cell derived
biomarkers, etc.) can be processed according to the
workflows (e.g., workflows in Sections 3.1-3.3 below),
followed by library preparation workflows (e.g., workflow
in Section 3.4 below), followed by next generation se-
quencing (NGS).

3.1 Method - Example Workflow for a 3’ Protocol for mR-
NA Synthesis/cDNA Amplification

[0138] As shown in FIGURE 16, a variation of the meth-
od, configured for mRNA synthesis/cDNA amplification
300’ can include: performing a run preparation operation,
wherein the run preparation operation configures a sys-
tem for performing an mRNA synthesis/cDNA amplifica-
tion protocol S305’; priming a sample processing car-
tridge of the system upon completion of the run prepa-
ration operation S310’; co-capturing a set of cells of a
sample with a set of functionalized particles, in single cell
format, at the sample processing cartridge S315’; lysing
the set of cells followed by binding released mRNA from
the lysed cells with the functionalized particles (e.g., bar-
coded microspheres) (e.g., with associated washing the
functionalized particles of any unbound mRNA) S320’;
performing a reverse transcription operation; retrieving
the set of functionalized particles, with associated bound
target content, from the sample processing cartridge
S325’; performing an exonuclease treatment operation
with a volume of cell-derived content associated with the
set of functionalized particles S330’; performing a strand
denaturing and second strand synthesis operation with
the volume of cell-derived content S335’; performing a
cDNA amplification operation with the volume of cell-de-
rived content S340’; performing an mRNA particle puri-
fication operation with PCR product of the cDNA ampli-
fication operation S345’; and performing a run completion
operation upon completion of the mRNA particle purifi-
cation operation S360’.
[0139] In more detail, performing a run preparation op-
eration, S305’ can include sub-steps associated with one
or more of: preparing a cell suspension; initializing and
performing operational checks of system subsystems

(e.g., associated with the deck, associated with the gan-
try, associated with the base, etc.); returning the gantry
to a home position; removing one or more seals from the
reagent cartridge and/or loading reagents onto the rea-
gent cartridge; positioning a sample processing cartridge
unit; removing one or more seals from the tool container
positioned at the deck; dispensing the cell suspension
into a storage container prior to use; verifying proper po-
sitioning and states (e.g., in relation to expiration dates)
of disposables for the protocol, upon scanning tags of
disposables with a camera (e.g., machine vision cam-
era); receiving sample identification information (e.g.,
from an operator); and initiating run of the sample. Steps
of S305" can be implemented by the system automati-
cally and/or by an operator. Furthermore, various sub-
steps can be performed once, or repeated as recom-
mended.
[0140] In more detail, priming a sample processing car-
tridge of the system upon completion of the run prepa-
ration operation S310’ and co-capturing a set of cells of
a sample with a set of functionalized particles, in single
cell format, at the sample processing cartridge S315’ can
include one or more of: dispensing a priming solution
(e.g., in a manner that prevents bubbles from being
trapped within the sample processing cartridge) into the
inlet reservoir of a sample processing cartridge; incubat-
ing the priming solution within the sample processing car-
tridge; dispensing one or more wash solutions into the
inlet reservoir of the sample processing cartridge; trans-
mitting solutions to a waste containment region of the
sample processing cartridge; dispensing a cell suspen-
sion into the inlet reservoir of the sample processing car-
tridge and capturing cells, in single-cell format, within
wells of the sample processing cartridge; dispensing a
set of functionalized particles into the inlet reservoir of
the sample processing cartridge and co-capturing the set
of functionalized particles with the set of cells; incubating
content of the wells of the sample processing cartridge;
and picking up/releasing various tools (e.g., by a gantry
coupled to a pipette interface) involved with the sub-
step(s). Steps S310’ and S315’ are preferably performed
automatically by the system but can alternatively be per-
formed in another suitable manner. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0141] In more detail, performing a reverse transcrip-
tion operation, at the sample processing cartridge, with
lysate of the set of cells S320’ in the presence of func-
tionalized particles (e.g., barcoded microspheres) can in-
clude one or more of: dispensing one or more wash so-
lutions into the inlet reservoir of the sample processing
cartridge; transmitting solutions to a waste containment
region of the sample processing cartridge; dispensing a
particle-binding buffer into the inlet reservoir of the sam-
ple processing cartridge; dispensing a DTT solution into
the inlet reservoir of the sample processing cartridge;
dispensing a lysis solution into the inlet reservoir of the
sample processing cartridge; displacing fluid above wells
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of the sample processing cartridge with an oil, thereby
isolating contents of wells and preventing undesired ma-
terial transfer across wells (e.g., as in U.S Application
No. 16/564,375 filed 09-SEP-2019); displacing the oil
with air from the inlet reservoir; dispensing a particle-
binding wash buffer into the inlet reservoir of the sample
processing cartridge; dispensing a pre-RT reaction wash
buffer into the inlet reservoir of the sample processing
cartridge; dispensing a cDNA synthesis solution (e.g.,
SuperScript IV™) into the inlet reservoir of the sample
processing cartridge; dispensing an RT cocktail into the
inlet reservoir of the sample processing cartridge; incu-
bating contents of the sample processing cartridge; per-
forming incubation steps; and picking up/releasing vari-
ous tools involved with the substep(s). Step S320’ is pref-
erably performed automatically by the system but can
alternatively be performed in another suitable manner.
Furthermore, various sub-steps can be performed once,
or repeated as recommended.
[0142] In more detail, retrieving the set of functional-
ized particles, with associated bound target content, from
the sample processing cartridge S325’ can include per-
forming magnetic separation operations (e.g., as de-
scribed above), using manual or automatic operations.
Furthermore, various sub-steps can be performed once,
or repeated as recommended.
[0143] In more detail, performing an exonuclease
treatment operation with a volume of cell-derived content
associated with the set of functionalized particles S330’
can include one or more of: mixing water and exonucle-
ase buffer to produce an exonuclease solution having a
desired concentration; dispensing the exonuclease so-
lution, with functionalized particles into a first PCR con-
tainer; dispensing an oil (e.g., mineral oil) into the first
PCR container; thermocycling and incubating contents
of the first PCR container; extracting a product of the first
PCR container; performing a separation operation with
the product of the first PCR container; discarding waste
from the separation operation; performing incubation
steps; and picking up/releasing various tools involved
with the substep(s). Step S330’ is preferably performed
automatically by the system but can alternatively be per-
formed in another suitable manner. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0144] In more detail, performing a strand denaturing
and second strand synthesis operation S335’ can include
one or more of: transferring a hydroxide solution (e.g.,
sodium hydroxide solution) to a second magnetic sepa-
ration container; mixing contents of the second magnetic
separation container; activating a magnetic separation
subsystem (e.g., set of magnets coupled to actuator, de-
scribed above) in proximity to the second magnetic sep-
aration container, thereby separating functionalized
magnetic particles toward the magnet(s); discarding
waste material from the second magnetic separation con-
tainer; dispensing a wash solution to the second mag-
netic separation container; mixing a second strand syn-

thesis primer enzyme within a process container in prox-
imity to the second magnetic separation container; mix-
ing the second strand synthesis primer enzyme with con-
tents of the second magnetic separation container; dis-
pensing product of the second magnetic separation con-
tainer into a second PCR container; thermocycling con-
tents of the second PCR container, with mixing;
transferring product of the second PCR container to a
third magnetic separation container; magnetically sepa-
rating product of the third magnetic separation container
from waste and discarding waste; transferring a wash
solution to the third magnetic separation container; and
picking up/releasing various tools involved with the sub-
step(s). Step S335’ is preferably performed automatically
by the system but can alternatively be performed in an-
other suitable manner. Furthermore, various sub-steps
can be performed once, or repeated as recommended.
[0145] In more detail, performing a cDNA synthesis op-
eration S340’ can include one or more of: mixing a
polymerase blend (e.g., Kapa Biosystems HiFi Hotstart
Ready Mix™) within a cold storage volume; mixing the
PCR master mix from the cold storage volume with con-
tents of the third magnetic separation container; aliquot-
ing contents of the third magnetic separation container
into a third, fourth, fifth, and sixth PCR operation contain-
ers; aliquoting an oil (e.g., mineral oil) into the third, fourth,
fifth, and sixth PCR operation containers; running a third
PCR operation; and picking up/releasing various tools
involved with the substep(s). Step S340’ is preferably
performed automatically by the system but can alterna-
tively be performed in another suitable manner. Further-
more, various sub-steps can be performed once, or re-
peated as recommended.
[0146] In more detail, performing an mRNA particle pu-
rification operation with PCR product of the cDNA ampli-
fication operation S345’ can include one or more of: dis-
pensing product from the third, fourth, fifth, and sixth PCR
operation containers into a fourth magnetic separation
container; mixing and transferring PCR purification par-
ticles (e.g., AMPure beads XP™) into the fourth magnetic
separation container; diluting and mixing ethanol with nu-
clease-free water within a tenth magnetic separation con-
tainer; removing waste from the tenth magnetic separa-
tion container, after incubation; mixing nuclease-free wa-
ter with target content of the tenth magnetic separation
container; magnetically separating target mRNA-cDNA
product from tenth magnetic separation container; trans-
ferring target mRNA-cDNA product from tenth magnetic
separation container to cold storage; and picking up/re-
leasing various tools involved with the substep(s). Step
S345’ is preferably performed automatically by the sys-
tem but can alternatively be performed in another suitable
manner. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0147] In more detail, performing a run completion op-
eration upon completion of the mRNA particle purification
operation S360’ can include one or more of: returning
the gantry to a home configuration; providing a notifica-
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tion that sample processing is complete; releasing the
reagent cartridge and/or sample processing cartridge
from the system for off-board storage; discarding system
waste; performing a system cleaning operation; and tran-
sitioning the system to a deactivated (e.g., idle, off) state.
Steps of S360’ can be implemented by the system auto-
matically and/or by an operator. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0148] Example details of steps of the method 300’ are
further described in TABLE 1 of Appendix A. In relation
to steps of the method 300’, descriptions of ambient tem-
perature and chilled reagents, as well as positions asso-
ciated with storage volumes of an embodiment of the
reagent cartridge described above are described in TA-
BLE 2 of Appendix A. In relation to TABLE 2 of Appendix
A, volumes of reagents can be scaled according to sizes
of sample processing chips used and/or number of reac-
tions run. In relation to magnetic separation operations,
descriptions of apparatus and associated reagents used,
as well as positions associated with storage volumes of
an embodiment of the reagent cartridge described above
are described in TABLE 3 of Appendix A. In relation to
amplification (e.g., PCR) operations, descriptions of ap-
paratus and associated reagents used, as well as posi-
tions associated with storage volumes of an embodiment
of the reagent cartridge described above are described
in TABLE 4 of Appendix A. In relation to fluid aspiration
and delivery operations, descriptions of apparatus, as
well as positions associated with an embodiment of the
tool container described above are described in TABLE
5 of Appendix A. In relation to actuation of components
for automation of protocol aspects, gantry arm and pipet-
tor operations (e.g., in relation to apparatus coupling with
disposables, apparatus uncoupling from disposables,
fluid mixing, waste discarding, aspiration, delivery, aliq-
uoting, etc.) are described in TABLE 6 of Appendix A. In
relation to transitioning between modes for automation
of protocol aspects, sample processing cartridge opera-
tions are described in TABLE 7 of Appendix A. In relation
to transitioning between modes for automation of proto-
col aspects, heating and cooling subsystem operation
modes are described in TABLE 8 of Appendix A. In re-
lation to transitioning between modes for automation of
protocol aspects, magnetic separation subsystem oper-
ations are described in TABLE 9 of Appendix A. In relation
to amplification operations, PCR program details asso-
ciated with the method 300’ are described in TABLE 10
of Appendix A.

3.2 Method - Example Workflow for Single Cell Cytometry

[0149] As shown in FIGURE 17, a variation of the meth-
od, configured for single cell cytometry 300" can include:
performing a run preparation operation, wherein the run
preparation operation configures a system for performing
a single cell cytometry protocol S305"; priming a sample
processing cartridge of the system upon completion of

the run preparation operation S310"; co-capturing a set
of cells of a sample with a set of functionalized particles,
in single cell format, at the sample processing cartridge
S315"; lysing the set of cells followed by binding released
antibody-tagged oligonucleotides from the lysed cells to
functionalized particles (e.g., barcoded microspheres)
S320"(e.g., with washing the unbound materials and then
performing a reverse transcription operation); retrieving
the set of functionalized particles, with associated bound
target content, from the sample processing cartridge
S325"; performing an exonuclease treatment operation
with a volume of cell-derived content associated with the
set of functionalized particles S330"; performing a strand
denaturing and second strand synthesis operation with
the volume of cell-derived content S335"; performing a
cDNA amplification operation with the volume of cell-de-
rived content S340"; performing a particle purification op-
eration with PCR product of the cDNA amplification op-
eration S345"; performing a set of antibody-derived tag
purification and amplification operations with outputs of
the particle purification operation S350"; performing a set
of mRNA purification and amplification operations with
outputs of the set of antibody-derived tag purification and
amplification operations S355"; and performing a run
completion operation upon completion of the set of mR-
NA purification and amplification operations S360".
[0150] In more detail, performing a run preparation op-
eration, S305" can include sub-steps associated with
one or more of: preparing a cell suspension; initializing
and performing operational checks of system subsys-
tems (e.g., associated with the deck, associated with the
gantry, associated with the base, etc.); returning the gan-
try to a home position; removing one or more seals from
the reagent cartridge and/or loading reagents onto the
reagent cartridge; positioning a sample processing car-
tridge unit; removing one or more seals from the tool con-
tainer positioned at the deck; dispensing the cell suspen-
sion into a storage container prior to use; verifying proper
positioning and states (e.g., in relation to expiration
dates) of disposables for the protocol, upon scanning
tags of disposables with a camera (e.g., machine vision
camera); receiving sample identification information
(e.g., from an operator); and initiating run of the sample.
Steps of S305" can be implemented by the system au-
tomatically and/or by an operator. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0151] In more detail, priming a sample processing car-
tridge of the system upon completion of the run prepa-
ration operation S310" and co-capturing a set of cells of
a sample with a set of functionalized particles, in single
cell format, at the sample processing cartridge S315" can
include one or more of: dispensing a priming solution into
the inlet reservoir of a sample processing cartridge; in-
cubating the priming solution within the sample process-
ing cartridge; dispensing one or more wash solutions into
the inlet reservoir of the sample processing cartridge;
transmitting solutions to a waste containment region of
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the sample processing cartridge; dispensing a cell sus-
pension into the inlet reservoir of the sample processing
cartridge and capturing cells, in single-cell format, within
wells of the sample processing cartridge; dispensing a
set of functionalized particles into the inlet reservoir of
the sample processing cartridge and co-capturing the set
of functionalized particles with the set of cells; incubating
content of the wells of the sample processing cartridge;
and picking up/releasing various tools involved with the
substep(s). Steps S310" and S315" are preferably per-
formed automatically by the system but can alternatively
be performed in another suitable manner. Furthermore,
various sub-steps can be performed once, or repeated
as recommended.
[0152] In more detail, performing a reverse transcrip-
tion operation, at the sample processing cartridge, with
lysis of the set of cells S320" can include one or more of:
dispensing one or more wash solutions into the inlet res-
ervoir of the sample processing cartridge; transmitting
solutions to a waste containment region of the sample
processing cartridge; dispensing a particle-binding buffer
into the inlet reservoir of the sample processing cartridge;
dispensing a DTT solution into the inlet reservoir of the
sample processing cartridge; dispensing a lysis solution
into the inlet reservoir of the sample processing cartridge;
displacing fluid above wells of the sample processing car-
tridge with an oil, thereby isolating contents of wells and
preventing undesired material transfer across wells (e.g.,
as in U.S Application No. 16/564,375 filed 09-SEP-2019);
displacing the oil with air from the inlet reservoir; dispens-
ing a particle-binding wash buffer into the inlet reservoir
of the sample processing cartridge; dispensing a pre-RT
reaction wash buffer into the inlet reservoir of the sample
processing cartridge; dispensing a cDNA synthesis so-
lution (e.g., SuperScript IV™) into the inlet reservoir of
the sample processing cartridge; dispensing an RT cock-
tail into the inlet reservoir of the sample processing car-
tridge; incubating contents of the sample processing car-
tridge; performing incubation steps; and picking up/re-
leasing various tools involved with the substep(s). Step
S320" is preferably performed automatically by the sys-
tem but can alternatively be performed in another suitable
manner. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0153] In more detail, retrieving the set of functional-
ized particles, with associated bound target content, from
the sample processing cartridge S325" can include per-
forming magnetic separation operations (e.g., as de-
scribed above), using manual or automatic operations.
Furthermore, various sub-steps can be performed once,
or repeated as recommended.
[0154] In more detail, performing an exonuclease
treatment operation with a volume of cell-derived content
associated with the set of functionalized particles
S330" can include one or more of: mixing water and ex-
onuclease buffer to produce an exonuclease solution
having a desired concentration; dispensing the exonu-
clease solution, with functionalized particles into a first

PCR container; dispensing an oil (e.g., mineral oil) into
the first PCR container; thermocycling and incubating
contents of the first PCR container; extracting a product
of the first PCR container; performing a separation op-
eration with the product of the first PCR container; dis-
carding waste from the separation operation; performing
incubation steps; and picking up/releasing various tools
involved with the substep(s). Step S330" is preferably
performed automatically by the system but can alterna-
tively be performed in another suitable manner. Further-
more, various sub-steps can be performed once, or re-
peated as recommended.
[0155] In more detail, performing a strand denaturing
and second strand synthesis operation S335" can in-
clude one or more of: transferring a hydroxide solution
(e.g., sodium hydroxide solution) to a second magnetic
separation container; mixing contents of the second mag-
netic separation container; activating a magnetic sepa-
ration subsystem (e.g., set of magnets coupled to actu-
ator, described above) in proximity to the second mag-
netic separation container, thereby separating function-
alized magnetic particles toward the magnet(s); discard-
ing waste material from the second magnetic separation
container; dispensing a wash solution to the magnetic
separation container; mixing a second strand synthesis
primer enzyme within a process container in proximity to
the second magnetic separation container; mixing the
second strand synthesis primer enzyme with contents of
the second magnetic separation container; dispensing
product of the second magnetic separation container into
a second PCR container; thermocycling contents of the
second PCR container, with mixing; transferring product
of the second PCR container to a third magnetic sepa-
ration container; magnetically separating product of the
third magnetic separation container from waste and dis-
carding waste; transferring a wash solution to the third
magnetic separation container; and picking up/releasing
various tools involved with the substep(s). Step S335" is
preferably performed automatically by the system but can
alternatively be performed in another suitable manner.
Furthermore, various sub-steps can be performed once,
or repeated as recommended.
[0156] In more detail, performing a cDNA synthesis op-
eration S340" can include one or more of: mixing a
polymerase blend (e.g., Kapa Biosystems HiFi Hotstart
Ready Mix™) within a cold storage volume; mixing the
PCR master mix from the cold storage volume with con-
tents of the third magnetic separation container; aliquot-
ing contents of the third magnetic separation container
into a third, fourth, fifth, and sixth PCR operation contain-
ers; aliquoting an oil (e.g., mineral oil) into the third, fourth,
fifth, and sixth PCR operation containers; running a first
PCR operation; and picking up/releasing various tools
involved with the substep(s). Step S340" is preferably
performed automatically by the system but can alterna-
tively be performed in another suitable manner. Further-
more, various sub-steps can be performed once, or re-
peated as recommended.

51 52 



EP 3 966 307 B1

29

5

10

15

20

25

30

35

40

45

50

55

[0157] In more detail, performing a particle purification
operation with PCR product of the cDNA amplification
operation S345" can include one or more of: dispensing
product from the third, fourth, fifth, and sixth PCR oper-
ation containers into a fourth magnetic separation con-
tainer; separating target content of the fourth magnetic
separation container and transmitting target content into
a fifth magnetic separation container; mixing and trans-
ferring PCR purification particles (e.g., AMPure beads
XP™) into the fifth magnetic separation container; trans-
ferring product of the fifth magnetic separation container
into a sixth separation container; and picking up/releas-
ing various tools involved with the substep(s). Step S345"
is preferably performed automatically by the system but
can alternatively be performed in another suitable man-
ner. Furthermore, various sub-steps can be performed
once, or repeated as recommended.
[0158] In more detail, performing a set of antibody-de-
rived tag purification and amplification operations with
outputs of the particle purification operation S350" can
include one or more of: mixing and transferring PCR pu-
rification particles (e.g., AMPure beads XP™) into the
sixth magnetic separation container; discarding waste
from the sixth magnetic separation container; diluting and
mixing ethanol with nuclease-free water within a process
container; transferring ethanol to the sixth magnetic sep-
aration container; discarding waste from the sixth mag-
netic separation container, upon performing magnetic
separation; transferring target content of the sixth mag-
netic separation container into a seventh magnetic sep-
aration container; mixing PCR purification particles (e.g.,
AMPure beads XP™) into the seventh magnetic separa-
tion container; transferring ethanol to the seventh mag-
netic separation container; discarding waste from the
seventh magnetic separation container, upon performing
magnetic separation; dispensing water into the seventh
magnetic separation container; transferring purified cD-
NA from the seventh magnetic separation container into
a seventh PCR operation container; and picking up/re-
leasing various tools involved with the substep(s). Step
S350" is preferably performed automatically by the sys-
tem but can alternatively be performed in another suitable
manner. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0159] In more detail, performing a set of mRNA puri-
fication and amplification operations with outputs of the
set of antibody-derived tag purification and amplification
operations S355" can include one or more of: transferring
PCR indexing primers into the seventh PCR operation
container; transferring a polymerase blend into the sev-
enth PCR operation container; mixing contents of the
seventh PCR operation container; transferring an oil
(e.g., mineral oil) into the seventh PCR operation con-
tainer; initiating a second PCR operation; transferring
PCR product from the seventh PCR operation container
to an eighth magnetic separation container; transferring
PCR purification particles (e.g., AMPure beads XP) into
the eighth magnetic separation container; transferring

ethanol to the eighth magnetic separation container; dis-
carding waste from the eighth magnetic separation con-
tainer, upon performing magnetic separation; dispensing
water into the eighth magnetic separation container;
transferring purified cDNA from the eighth magnetic sep-
aration container into a storage container; and picking
up/releasing various tools involved with the substep(s).
Step S355" is preferably performed automatically by the
system but can alternatively be performed in another suit-
able manner. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0160] In more detail, performing a run completion op-
eration upon completion of the set of mRNA purification
and amplification operations S360" can include one or
more of: returning the gantry to a home configuration;
providing a notification that sample processing is com-
plete; releasing the reagent cartridge and/or sample
processing cartridge from the system for off-board stor-
age; discarding system waste; performing a system
cleaning operation; and transitioning the system to a de-
activated (e.g., idle, off) state. Steps of S360" can be
implemented by the system automatically and/or by an
operator. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0161] Example details of steps of the method 300" are
further described in TABLE 1 of Appendix B. In relation
to steps of the method 300", descriptions of ambient tem-
perature and chilled reagents, as well as positions asso-
ciated with storage volumes of an embodiment of the
reagent cartridge described above are described in TA-
BLE 2 of Appendix B. In relation to TABLE 2 of Appendix
B, volumes of reagents can be scaled according to sizes
of sample processing chips used and/or number of reac-
tions run. In relation to magnetic separation operations,
descriptions of apparatus and associated reagents used,
as well as positions associated with storage volumes of
an embodiment of the reagent cartridge described above
are described in TABLE 3 of Appendix B. In relation to
amplification (e.g., PCR) operations, descriptions of ap-
paratus and associated reagents used, as well as posi-
tions associated with storage volumes of an embodiment
of the reagent cartridge described above are described
in TABLE 4 of Appendix B. In relation to fluid aspiration
and delivery operations, descriptions of apparatus, as
well as positions associated with an embodiment of the
tool container described above are described in TABLE
5 of Appendix B. In relation to actuation of components
for automation of protocol aspects, gantry arm and pipet-
tor operations (e.g., in relation to apparatus coupling with
disposables, apparatus uncoupling from disposables,
fluid mixing, waste discarding, aspiration, delivery, aliq-
uoting, etc.) are described in TABLE 6 of Appendix B. In
relation to transitioning between modes for automation
of protocol aspects, sample processing cartridge opera-
tions are described in TABLE 7 of Appendix B. In relation
to transitioning between modes for automation of proto-
col aspects, heating and cooling subsystem operation
modes are described in TABLE 8 of Appendix B. In re-
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lation to transitioning between modes for automation of
protocol aspects, magnetic separation subsystem oper-
ations are described in TABLE 9 of Appendix B. In relation
to amplification operations, PCR program details asso-
ciated with the method 300" are described in TABLE 10
of Appendix B.

3.3 Method - Example Workflow for CITE-Seq Protocol 
(Single Cell Multiomics)

[0162] As shown in FIGURE 18, a variation of the meth-
od, configured for single cell multiomics 300- can include:
performing a run preparation operation, wherein the run
preparation operation configures a system for performing
a single cell multiomics protocol S305-; priming a sample
processing cartridge of the system upon completion of
the run preparation operation S310-; co-capturing a set
of cells of a sample with a set of functionalized particles,
in single cell format, at the sample processing cartridge
S315-; at the sample processing cartridge, with lysis of
the set of cells, binding mRNA and antibody tagged oligos
from the lysed cells to the set of functionalized particles,
with washing of unbound materials followed by perform-
ing a reverse transcription reaction S320-; retrieving the
set of functionalized particles, with associated bound tar-
get content, from the sample processing cartridge S325-
; performing an exonuclease treatment operation with a
volume of cell-derived content associated with the set of
functionalized particles S330-; performing a strand de-
naturing and second strand synthesis operation with the
volume of cell-derived content S335-; performing a cD-
NA amplification operation with the volume of cell-derived
content S340-; performing a particle purification opera-
tion with PCR product of the cDNA amplification opera-
tion S345-; performing a set of antibody-derived tag pu-
rification and amplification operations with outputs of the
particle purification operation S350-; performing a set of
purification and amplification operations with outputs of
the set of antibody-derived tag purification and amplifi-
cation operations S355-; performing a set of mRNA par-
ticle purification and amplification operations S360-; and
performing a run completion operation upon completion
of the set of mRNA purification and amplification opera-
tions S365-.
[0163] In more detail, performing a run preparation op-
eration, S305- can include sub-steps associated with
one or more of: preparing a cell suspension; initializing
and performing operational checks of system subsys-
tems (e.g., associated with the deck, associated with the
gantry, associated with the base, etc.); returning the gan-
try to a home position; removing one or more seals from
the reagent cartridge and/or loading reagents onto the
reagent cartridge; positioning a sample processing car-
tridge unit; removing one or more seals from the tool con-
tainer positioned at the deck; dispensing the cell suspen-
sion into a storage container prior to use; verifying proper
positioning and states (e.g., in relation to expiration
dates) of disposables for the protocol, upon scanning

tags of disposables with a camera (e.g., machine vision
camera); receiving sample identification information
(e.g., from an operator); and initiating run of the sample.
Steps of S305- can be implemented by the system au-
tomatically and/or by an operator. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0164] In more detail, priming a sample processing car-
tridge of the system upon completion of the run prepa-
ration operation S310- and co-capturing a set of cells of
a sample with a set of functionalized particles, in single
cell format, at the sample processing cartridge S315-
can include one or more of: dispensing a priming solution
into the inlet reservoir of a sample processing cartridge;
incubating the priming solution within the sample
processing cartridge; dispensing one or more wash so-
lutions into the inlet reservoir of the sample processing
cartridge; transmitting solutions to a waste containment
region of the sample processing cartridge; dispensing a
cell suspension into the inlet reservoir of the sample
processing cartridge and capturing cells, in single-cell
format, within wells of the sample processing cartridge;
dispensing a set of functionalized particles into the inlet
reservoir of the sample processing cartridge and co-cap-
turing the set of functionalized particles with the set of
cells; incubating content of the wells of the sample
processing cartridge; and picking up/releasing various
tools involved with the substep(s). Steps S310- and
S315- are preferably performed automatically by the sys-
tem but can alternatively be performed in another suitable
manner. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0165] In more detail, performing a reverse transcrip-
tion operation, at the sample processing cartridge, with
lysis of the set of cells S320- can include one or more
of: dispensing one or more wash solutions into the inlet
reservoir of the sample processing cartridge; transmitting
solutions to a waste containment region of the sample
processing cartridge; dispensing a particle-binding buffer
into the inlet reservoir of the sample processing cartridge;
dispensing a DTT solution into the inlet reservoir of the
sample processing cartridge; dispensing a lysis solution
into the inlet reservoir of the sample processing cartridge;
displacing fluid above wells of the sample processing car-
tridge with an oil, thereby isolating contents of wells and
preventing undesired material transfer across wells (e.g.,
as in U.S Application No. 16/564,375 filed 09 - SEP -
2019); displacing the oil with air from the inlet reservoir;
dispensing a particle-binding wash buffer into the inlet
reservoir of the sample processing cartridge; dispensing
a pre-RT reaction wash buffer into the inlet reservoir of
the sample processing cartridge; dispensing a cDNA syn-
thesis solution (e.g., SuperScript IV™) into the inlet res-
ervoir of the sample processing cartridge; dispensing an
RT cocktail into the inlet reservoir of the sample process-
ing cartridge; incubating contents of the sample process-
ing cartridge; performing incubation steps; and picking
up/releasing various tools involved with the substep(s).
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Step S320- is preferably performed automatically by the
system but can alternatively be performed in another suit-
able manner. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0166] In more detail, retrieving the set of functional-
ized particles, with associated bound target content, from
the sample processing cartridge S325- can include per-
forming magnetic separation operations (e.g., as de-
scribed above), using manual or automatic operations.
Furthermore, various sub-steps can be performed once,
or repeated as recommended.
[0167] In more detail, performing an exonuclease
treatment operation with a volume of cell-derived content
associated with the set of functionalized particles S330-
can include one or more of: mixing water and exonucle-
ase buffer to produce an exonuclease solution having a
desired concentration; dispensing the exonuclease so-
lution, with functionalized particles into a first PCR con-
tainer; dispensing an oil (e.g., mineral oil) into the first
PCR container; thermocycling and incubating contents
of the first PCR container; extracting a product of the first
PCR container; performing a separation operation with
the product of the first PCR container; discarding waste
from the separation operation; performing incubation
steps; and picking up/releasing various tools involved
with the substep(s). Step S330- is preferably performed
automatically by the system but can alternatively be per-
formed in another suitable manner. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0168] In more detail, performing a strand denaturing
and second strand synthesis operation S335- can in-
clude one or more of: transferring a hydroxide solution
(e.g., sodium hydroxide solution) to a second magnetic
separation container; mixing contents of the second mag-
netic separation container; activating a magnetic sepa-
ration subsystem (e.g., set of magnets coupled to actu-
ator, described above) in proximity to the second mag-
netic separation container, thereby separating function-
alized magnetic particles toward the magnet(s); discard-
ing waste material from the second magnetic separation
container; dispensing a wash solution to the magnetic
separation container; mixing a second strand synthesis
primer enzyme within a process container in proximity to
the second magnetic separation container; mixing the
second strand synthesis primer enzyme with contents of
the second magnetic separation container; dispensing
product of the second magnetic separation container into
a second PCR container; thermocycling contents of the
second PCR container, with mixing; transferring product
of the second PCR container to a third magnetic sepa-
ration container; magnetically separating product of the
third magnetic separation container from waste and dis-
carding waste; transferring a wash solution to the third
magnetic separation container; and picking up/releasing
various tools involved with the substep(s). Step S335-
is preferably performed automatically by the system but
can alternatively be performed in another suitable man-

ner. Furthermore, various sub-steps can be performed
once, or repeated as recommended.
[0169] In more detail, performing a cDNA synthesis op-
eration S340" can include one or more of: mixing a
polymerase blend (e.g., Kapa Biosystems HiFi Hotstart
Ready Mix™) within a cold storage volume; mixing the
PCR master mix from the cold storage volume with con-
tents of the third magnetic separation container; aliquot-
ing contents of the third magnetic separation container
into a third, fourth, fifth, and sixth PCR operation contain-
ers; aliquoting an oil (e.g., mineral oil) into the third, fourth,
fifth, and sixth PCR operation containers; running a first
PCR operation; and picking up/releasing various tools
involved with the substep(s). Step S340- is preferably
performed automatically by the system but can alterna-
tively be performed in another suitable manner. Further-
more, various sub-steps can be performed once, or re-
peated as recommended.
[0170] In more detail, performing a particle purification
operation with PCR product of the cDNA amplification
operation S345- can include one or more of: dispensing
product from the third, fourth, fifth, and sixth PCR oper-
ation containers into a fourth magnetic separation con-
tainer; separating target content of the fourth magnetic
separation container and transmitting target content into
a fifth magnetic separation container; mixing and trans-
ferring PCR purification particles (e.g., AMPure beads
XP™) into the fifth magnetic separation container; trans-
ferring product of the fifth magnetic separation container
into a sixth separation container; and picking up/releas-
ing various tools involved with the substep(s). Step
S345- is preferably performed automatically by the sys-
tem but can alternatively be performed in another suitable
manner. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0171] In more detail, performing a set of antibody-de-
rived tag purification and amplification operations with
outputs of the particle purification operation S350" can
include one or more of: mixing and transferring PCR pu-
rification particles (e.g., AMPure beads XP™) into the
sixth magnetic separation container; discarding waste
from the sixth magnetic separation container; diluting and
mixing ethanol with nuclease-free water within a process
container; transferring ethanol to the sixth magnetic sep-
aration container; discarding waste from the sixth mag-
netic separation container, upon performing magnetic
separation; transferring target content of the sixth mag-
netic separation container into a seventh magnetic sep-
aration container; mixing PCR purification particles (e.g.,
AMPure beads XP™) into the seventh magnetic separa-
tion container; transferring ethanol to the seventh mag-
netic separation container; discarding waste from the
seventh magnetic separation container, upon performing
magnetic separation; dispensing water into the seventh
magnetic separation container; transferring purified cD-
NA from the seventh magnetic separation container into
a seventh PCR operation container; and picking up/re-
leasing various tools involved with the substep(s). Step
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S350- is preferably performed automatically by the sys-
tem but can alternatively be performed in another suitable
manner. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0172] In more detail, performing a set of purification
and amplification operations with outputs of the set of
antibody-derived tag purification and amplification oper-
ations S355" can include one or more of: transferring
PCR indexing primers into the seventh PCR operation
container; transferring a polymerase blend into the sev-
enth PCR operation container; mixing contents of the
seventh PCR operation container; transferring an oil
(e.g., mineral oil) into the seventh PCR operation con-
tainer; initiating a second PCR operation; transferring
PCR product from the seventh PCR operation container
to an eighth magnetic separation container; transferring
PCR purification particles (e.g., AMPure beads XP) into
the eighth magnetic separation container; transferring
ethanol to the eighth magnetic separation container; dis-
carding waste from the eighth magnetic separation con-
tainer, upon performing magnetic separation; dispensing
water into the eighth magnetic separation container;
transferring purified cDNA from the eighth magnetic sep-
aration container into a storage container; and picking
up/releasing various tools involved with the substep(s).
Step S355- is preferably performed automatically by the
system but can alternatively be performed in another suit-
able manner. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0173] In more detail, performing a set of mRNA par-
ticle purification and amplification operations S360- can
include one or more of: transferring nuclease-free water
into the fifth magnetic separation container, with mixing
and incubation; transferring product of the fifth magnetic
separation container to a ninth magnetic separation con-
tainer; mixing and transferring PCR purification particles
(e.g., AMPure beads XP™) into the ninth magnetic sep-
aration container; transferring ethanol into the ninth mag-
netic separation container; removing waste from the ninth
magnetic separation container, after incubation; mixing
nuclease-free water with target content of the ninth mag-
netic separation container; mixing and incubating con-
tents of the ninth magnetic separation container; trans-
ferring purified cDNA product from the ninth magnetic
separation container to an eighth PCR operation contain-
er; transferring PCR master mix for mRNA amplification
into the eighth PCR operation container; mixing contents
of the eighth PCR operation container; transferring
polymerase blend (e.g., Kapa Biosystems HiFi Hotstart
Ready Mix) into the eighth PCR operation container; mix-
ing contents of the eighth PCR operation container; trans-
ferring an oil (e.g., mineral oil) into the eighth PCR oper-
ation container; performing a third PCR operation within
the eighth PCR operation container; transferring product
of the third PCR operation from the eighth PCR operation
container to a tenth magnetic separation container; trans-
ferring PCR purification particles into the tenth magnetic
separation container; mixing contents of the tenth mag-

netic separation container; transferring ethanol to the
tenth magnetic separation container; discarding waste
from the tenth magnetic separation container; transfer-
ring nuclease free water into the tenth magnetic separa-
tion container; mixing contents of the tenth magnetic sep-
aration container, with incubation; magnetically separat-
ing target mRNA-cDNA product from tenth magnetic sep-
aration container; transferring target mRNA-cDNA prod-
uct from tenth magnetic separation container to cold stor-
age; and picking up/releasing various tools involved with
the substep(s). Step S360- is preferably performed au-
tomatically by the system but can alternatively be per-
formed in another suitable manner. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0174] In more detail, performing a run completion op-
eration upon completion of the set of mRNA purification
and amplification operations S365- can include one or
more of: returning the gantry to a home configuration;
providing a notification that sample processing is com-
plete; releasing the reagent cartridge and/or sample
processing cartridge from the system for off-board stor-
age; discarding system waste; performing a system
cleaning operation; and transitioning the system to a de-
activated (e.g., idle, off) state. Steps of S365- can be
implemented by the system automatically and/or by an
operator. Furthermore, various sub-steps can be per-
formed once, or repeated as recommended.
[0175] Example details of steps of the method 300-
are further described in TABLE 1 of Appendix C. In rela-
tion to steps of the method 300-, descriptions of ambient
temperature and chilled reagents, as well as positions
associated with storage volumes of an embodiment of
the reagent cartridge described above are described in
TABLE 2 of Appendix C. In relation to TABLE 2 of Ap-
pendix C, volumes of reagents can be scaled according
to sizes of sample processing chips used and/or number
of reactions run. In relation to magnetic separation oper-
ations, descriptions of apparatus and associated rea-
gents used, as well as positions associated with storage
volumes of an embodiment of the reagent cartridge de-
scribed above are described in TABLE 3 of Appendix C.
In relation to amplification (e.g., PCR) operations, de-
scriptions of apparatus and associated reagents used,
as well as positions associated with storage volumes of
an embodiment of the reagent cartridge described above
are described in TABLE 4 of Appendix C. In relation to
fluid aspiration and delivery operations, descriptions of
apparatus, as well as positions associated with an em-
bodiment of the tool container described above are de-
scribed in TABLE 5 of Appendix C. In relation to actuation
of components for automation of protocol aspects, gantry
arm and pipettor operations (e.g., in relation to apparatus
coupling with disposables, apparatus uncoupling from
disposables, fluid mixing, waste discarding, aspiration,
delivery, aliquoting, etc.) are described in TABLE 6 of
Appendix C. In relation to transitioning between modes
for automation of protocol aspects, sample processing
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cartridge operations are described in TABLE 7 of Appen-
dix C. In relation to transitioning between modes for au-
tomation of protocol aspects, heating and cooling sub-
system operation modes are described in TABLE 8 of
Appendix C. In relation to transitioning between modes
for automation of protocol aspects, magnetic separation
subsystem operations are described in TABLE 9 of Ap-
pendix C. In relation to amplification operations, PCR pro-
gram details associated with the method 300" are de-
scribed in TABLE 10 of Appendix C.

3.4 Method - Example Workflow for Library Preparation

[0176] As shown in FIGURE 19, a variation of the meth-
od, configured for library preparation 300"" can include:
performing a run preparation operation, wherein the run
preparation operation configures a system for performing
a library preparation protocol S305″″; performing a library
preparation operation upon completion of the run prep-
aration operation S310″″; performing a library purification
operation with outputs of the library preparation operation
S315″″; and performing a run completion operation upon
completion of the library purification operation S360″″.
[0177] In more detail, performing a run preparation op-
eration S305″″ can include substeps associated with one
or more of: quantifying concentration of product (e.g.,
DNA concentration of product produced from a prior pro-
tocol; thawing out a reagent cartridge for library prepa-
ration, in a frozen storage state; processing storage vol-
umes of the reagent cartridge (e.g., by vortexing, by cen-
trifugation etc.); diluting a sequencing adaptor (e.g.,
NEBNext Illumina™ adaptor) solution with a dilution buff-
er; returning the sequencing adaptor solution and previ-
ously removed storages to the reagent cartridge; per-
forming operational checks of system subsystems (e.g.,
associated with the deck, associated with the gantry, as-
sociated with the base, etc.); returning the gantry to a
home position; positioning the reagent cartridge at a deck
of the system; removing one or more seals from the re-
agent cartridge and/or loading reagents onto the reagent
cartridge; positioning a sample processing cartridge unit
at a deck of the system; removing one or more seals from
the tool container positioned at the deck; receiving an
operator-loaded container (e.g., at a storage volume of
the reagent cartridge) for performing the library prepara-
tion operation); initializing a heating and cooling subsys-
tem (e.g., with an initial temperature set point); verifying
proper positioning and states (e.g., in relation to expira-
tion dates) of disposables for the protocol, upon scanning
tags of disposables with a camera (e.g., machine vision
camera); receiving sample identification information
(e.g., from an operator); and initiating run of the sample.
Steps of S305″″ can be implemented by the system au-
tomatically and/or by an operator. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0178] In more detail, performing a library preparation
operation upon completion of the run preparation oper-

ation S310″″ can include sub-steps associated with one
or more of: transferring diluted cDNA from the operator-
loaded tube into a first cold storage container containing
buffer; transferring contents of the first cold storage tube
to a second cold storage container; incubating contents
of the second cold storage container; transferring a cDNA
mixture from a second ambient storage container into a
first PCR operation container; fragmenting content of the
first PCR operation container upon performing thermo-
cycling operations at the first PCR operation container;
transferring fragmented DNA from the first PCR opera-
tion container to a fourth cold storage container, with mix-
ing; transferring contents of the fourth cold storage con-
tainer to a fifth cold storage container with mixing; trans-
ferring diluted adaptor from a third cold storage container
to the fifth cold storage container with mixing and incu-
bation; transferring contents of the fifth cold storage con-
tainer to a second PCR operation container with incuba-
tion; transferring contents of the second PCR operation
container to a sixth cold storage container with mixing;
transferring contents of the sixth cold storage container
to the second PCR operation container with incubation;
transferring contents of the second sixth cold storage
container to a second magnetic separation container;
transferring PCR purification particles (e.g., AMPure
beads XP) to the second magnetic separation container
with mixing; discarding waste from the second magnetic
separation container; transferring ethanol to the second
magnetic separation container; discarding waste from
the second magnetic separation container; transferring
TE buffer to the second magnetic separation container
with incubation and magnetic separation; transferring pu-
rified cDNA from the second magnetic separation con-
tainer to a third PCR operation container; transferring
indexing PCR master mix to the third PCR operation con-
tainer with mixing; performing a fourth PCR operation;
performing mixing steps; performing incubation steps;
and picking up/releasing various tools involved with the
substep(s). Step S310″″ is preferably performed auto-
matically by the system but can alternatively be per-
formed in another suitable manner. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0179] In more detail, performing a library purification
operation with outputs of the library preparation operation
S315″″ can include sub-steps associated with one or
more of: transferring product of the fourth PCR operation
from the third PCR operation container to a third magnetic
separation container with mixing; transferring PCR puri-
fication particles (e.g., AMPure Beads XP) to the third
magnetic separation container with mixing, incubation,
and magnetic separation; transferring ethanol to the third
magnetic separation container with incubation; removing
waste from the third magnetic separation container;
transferring nuclease-free water to the third magnetic
separation container with mixing, incubation, and mag-
netic separation; transferring contents of the third mag-
netic separation container to a fourth magnetic separa-
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tion container with mixing; transferring PCR purification
particles (e.g., AMPure Beads XP) to the fourth magnetic
separation container with mixing, incubation, and mag-
netic separation; removing waste from the fourth mag-
netic separation container; transferring ethanol to the
fourth magnetic separation container with incubation;
discarding waste from the fourth magnetic separation
container; repeating steps for further purification, with
transfer of target material from the fourth magnetic sep-
aration container to a fifth magnetic separation container,
to a sixth magnetic separation container; transferring nu-
clease-free water to the sixth magnetic separation con-
tainer with incubation and magnetic separation; transfer-
ring purified cDNA for library construction to an eighth
cold storage container; performing mixing steps; per-
forming incubation steps; and picking up/releasing vari-
ous tools involved with the sub-step(s). Step S315″″ is
preferably performed automatically by the system but can
alternatively be performed in another suitable manner.
Furthermore, various sub-steps can be performed once,
or repeated as recommended.
[0180] In more detail, performing a run completion op-
eration upon completion of the library purification oper-
ation S360-″ can include one or more of: returning the
gantry to a home configuration; providing a notification
that sample processing is complete; releasing the rea-
gent cartridge and/or sample processing cartridge from
the system for off-board storage; discarding system
waste; performing a system cleaning operation; and tran-
sitioning the system to a deactivated (e.g., idle, off) state.
Steps of S360″″ can be implemented by the system au-
tomatically and/or by an operator. Furthermore, various
sub-steps can be performed once, or repeated as rec-
ommended.
[0181] Example details of steps of the method 300″″
are further described in TABLE 1 of Appendix D. In rela-
tion to steps of the method 300″″, descriptions of ambient
temperature and chilled reagents, as well as positions
associated with storage volumes of an embodiment of
the reagent cartridge described above are described in
TABLE 2 of Appendix D. In relation to TABLE 2 of Ap-
pendix D, volumes of reagents can be scaled according
to sizes of sample processing chips used and/or number
of reactions run. In relation to magnetic separation oper-
ations, descriptions of apparatus and associated rea-
gents used, as well as positions associated with storage
volumes of an embodiment of the reagent cartridge de-
scribed above are described in TABLE 3 of Appendix D.
In relation to amplification (e.g., PCR) operations, de-
scriptions of apparatus and associated reagents used,
as well as positions associated with storage volumes of
an embodiment of the reagent cartridge described above
are described in TABLE 4 of Appendix D. In relation to
fluid aspiration and delivery operations, descriptions of
apparatus, as well as positions associated with an em-
bodiment of the tool container described above are de-
scribed in TABLE 5 of Appendix D. In relation to actuation
of components for automation of protocol aspects, gantry

arm and pipettor operations (e.g., in relation to apparatus
coupling with disposables, apparatus uncoupling from
disposables, fluid mixing, waste discarding, aspiration,
delivery, aliquoting, etc.) are described in TABLE 6 of
Appendix D. In relation to transitioning between modes
for automation of protocol aspects, sample processing
cartridge operations are described in TABLE 7 of Appen-
dix D. In relation to transitioning between modes for au-
tomation of protocol aspects, heating and cooling sub-
system operation modes are described in TABLE 8 of
Appendix D. In relation to transitioning between modes
for automation of protocol aspects, magnetic separation
subsystem operations are described in TABLE 9 of Ap-
pendix D. In relation to amplification operations, PCR pro-
gram details associated with the method 300" are de-
scribed in TABLE 10 of Appendix D.
[0182] The system embodiment(s) can, however, be
configured to implement other workflows including vari-
ations of those described, and/or other workflows.

4. Conclusion

[0183] The FIGURES illustrate the architecture, func-
tionality and operation of possible implementations of
systems, methods and computer program products ac-
cording to preferred embodiments, example configura-
tions, and variations thereof. In this regard, each block
in the flowchart or block diagrams may represent a mod-
ule, segment, or portion of code, which comprises one
or more executable instructions for implementing the
specified logical function(s). It should also be noted that,
in some alternative implementations, the functions noted
in the block can occur out of the order noted in the FIG-
URES. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or
the blocks may sometimes be executed in the reverse
order, depending upon the functionality involved. It will
also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks
in the block diagrams and/or flowchart illustration, can
be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.
[0184] As a person skilled in the art will recognize from
the previous detailed description and from the figures
and claims, modifications and changes can be made to
the preferred embodiments of the invention without de-
parting from the scope of this invention defined in the
following claims. Particular examples of interest include:
[0185] A system for automatically processing a sam-
ple, the system comprising: a deck configured to support
and position: a reagent cartridge at a first region of the
first side of the deck; a sample processing cartridge at a
second region of the first side; and a tool container at a
third region of the first side; a gantry coupled to the deck
and comprising: a set of tracks defining paths of move-
ment along a set of axes, within a three dimensional vol-
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ume bound by the first side of the deck, for a pipette
interface; and a base opposite the first side of the deck
and supporting: a heating and cooling subsystem com-
prising a set of thermal bodies for transferring heat to the
reagent cartridge and the sample processing cartridge;
a separation subsystem comprising a set of magnets
coupled to a magnet actuator configured to transition the
set of magnets between a retracted state and an extend-
ed state, wherein in the extended state, the set of mag-
nets passes into the first region of the deck; a pumping
subsystem comprising a vacuum port into the second
region.
[0186] Wherein a sample processing cartridge further
comprises an elastomeric valve coupling the sample
processing chip to the base substrate along a flow path
from the microwell region to an outlet of the sample
processing chip into a waste containment region of the
sample processing cartridge. In one form further com-
prising a valve actuation subsystem comprising a valve
actuator and a tip coupled to the valve actuator, the tip
aligned with a valve opening into the second region of
the deck, wherein the valve actuation subsystem com-
prises an engaged mode wherein the tip extends into the
valve opening to deform the elastomeric valve, thereby
closing the flow path, and a disengaged mode wherein
the tip is retracted, thereby opening the flow path. Where-
in the sample processing cartridge comprises a lid cov-
ering an access region into the microwell region of the
sample processing chip, the lid comprising an open mode
in which the access region is uncovered and a closed
mode in which the access region is covered. In one form,
further comprising a lid-opening tool configured to couple
to the pipette interface, the system further comprising a
lid-opening mode in which the gantry transports the lid-
opening tool for engagement with a releasing body of the
lid, thereby transitioning the lid from the closed mode to
the open mode.
[0187] The system above, may further comprise a
processing and control subsystem, supported between
the deck and the base, the processing and control sub-
system comprising non-transitory instructions stored in
computer readable media for executing automatic sam-
ple processing operations comprising at least one of:
controlling heat transmission between the heating and
cooling subsystem, the reagent cartridge, and the sample
processing cartridge; transitioning the set of magnets be-
tween the retracted state and the extended state; con-
trolling pressure applied by the pumping subsystem to
the sample processing cartridge, through the vacuum
port.
[0188] In one form there is described herein a method
for processing a sample, the method comprising: priming
a sample processing cartridge of a system upon comple-
tion of the run preparation operation; upon completion of
priming, co-capturing a set of cells of the sample with a
set of functionalized particles, in single cell format, at a
set of microwells of the sample processing cartridge; per-
forming lysis of the set of cells, thereby allowing binding

of biomarkers from the set of cells to the set of function-
alized particles; performing a reverse transcription oper-
ation, at the set of microwells of sample processing car-
tridge with content bound to the set of functionalized par-
ticles; retrieving the set of functionalized particles, with
associated bound target content from the set of cells,
from the sample processing cartridge; performing an ex-
onuclease treatment operation with a volume of cell-de-
rived content associated with the set of functionalized
particles; performing a strand denaturing and second
strand synthesis operation with the volume of cell-derived
content; performing a cDNA amplification operation with
the volume of cell-derived content; and performing a par-
ticle purification operation with PCR product of the cDNA
amplification operation.
[0189] In one form, wherein priming the sample
processing cartridge may comprise transporting a pipette
interface, coupled with a first tip containing priming buffer,
to an inlet reservoir of the sample processing cartridge,
transmitting the priming buffer into the inlet reservoir, and
drawing the priming buffer from the sample processing
cartridge at a vacuum port coupled to the sample
processing cartridge. The sample processing cartridge
may further comprise an elastomeric valve coupling a
sample processing chip defining the set of microwells, to
a base substrate along a flow path from the set of micro-
wells to an outlet of the sample processing chip, wherein
at least one of capturing a set of cells, capturing a set of
functionalized particles, lysing the set of cells, and per-
forming a reverse transcription operation, at the sample
processing cartridge, comprises transitioning the elasto-
meric valve from a deformed state to an undeformed
state, thereby opening the flow path for fluid flow toward
the outlet. In one form the sample processing cartridge
may comprise a lid covering an access region for the set
of microwells, the lid comprising an open mode in which
the access region is uncovered and a closed mode in
which the access region is covered, wherein retrieving
the set of functionalized particles comprises transporting
a lid-opening tool, coupled to a pipette interface, for en-
gagement with a releasing body of the lid, thereby tran-
sitioning the lid from the closed mode to the open mode.
Wherein retrieving the set of functionalized particles may
comprise transporting a magnetic body, surrounded by
a sleeve and coupled to the pipette interface, to the ac-
cess region uncovered by the lid in the open mode, and
attracting the set of functionalized particles from the set
of microwells toward the magnetic body. In this form, re-
trieving the set of functionalized particles may comprise
transporting the set of functionalized particles from the
sample processing cartridge to a separation reservoir,
releasing the sleeve from the magnetic body, and actu-
ating a magnet toward a surface of the separation res-
ervoir, thereby attracting the set of functionalized parti-
cles toward the surface.
[0190] Performing the exonuclease treatment opera-
tion may comprise transferring the volume of cell-derived
content and an exonuclease buffer to at a thermocycling
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container, and heating the volume and the exonuclease
buffer within the thermocycling container. Performing the
cDNA amplification operation may alternatively comprise
transporting the volume of cell-derived content into a set
of thermocycling containers of a reagent cartridge distinct
from the sample processing cartridge and storing a set
of reagents for performing the method, establishing ther-
mal communication between the set of thermocycling
containers and a thermal body, and thermocycling the
volume of cell-derived content at the set of thermocycling
containers. Or performing the particle purification oper-
ation may comprise transporting PCR product of the cD-
NA amplification operation into a separation reservoir
with a set of purification particles, and actuating a magnet
toward a surface of the separation reservoir, thereby at-
tracting the set of purification particles toward the sur-
face.
[0191] In one form the method further comprises per-
forming a set of antibody-derived tag purification and am-
plification operations with outputs of the particle purifica-
tion operation, for performance of a single cell cytometry
with protein processing protocol. In another form the
method may further comprise performing a set of anti-
body-derived tag purification and amplification opera-
tions with outputs of the particle purification operation,
for performance of a CITE-seq single cell multiomics pro-
tocol. Or the method may further comprise performing a
library preparation operation, at a reagent cartridge dis-
tinct from the sample processing cartridge, with outputs
of the particle purification operation, the reagent cartridge
containing a set of reagents for the library preparation
operation. In this case, performing the library preparation
operation may comprise determining a concentration of
product derived from the particle purification operation;
based upon the concentration, diluting product of the par-
ticle purification operation at the reagent cartridge; frag-
menting cDNA material at the reagent cartridge; and am-
plifying fragmented cDNA material at the reagent car-
tridge. In this case, the method may further comprise
purifying fragmented and amplified cDNA material at a
set of separation reservoirs of the reagent cartridge with
a set of purification particles, and actuating a magnet
toward a surface of the separation reservoir, thereby at-
tracting the set of purification particles toward the sur-
face.
[0192] In one form the method may further comprise:
performing a run completion operation upon completion
of the particle purification operation, wherein the run com-
pletion operation comprises releasing processed content
from the system for storage. In another form, the method
may further comprise: performing a run preparation op-
eration, wherein the run preparation operation comprises
scanning a set of tags of the sample processing cartridge
and a reagent cartridge associated with the method, and
comparing information derived from the set of tags with
a protocol intended to be performed.
[0193] In an alternate aspect there is described herein
a method for processing a sample, the method compris-

ing: co-capturing a set of cells of the sample with a set
of functionalized particles, in single cell format, at a set
of microwells of the sample processing cartridge; per-
forming lysis of the set of cells, at the sample processing
cartridge, thereby allowing binding of released biomark-
ers from the set of cells to the set of functionalized par-
ticles; performing a reverse transcription operation, at
the set of microwells of sample processing cartridge with
content bound to the set of functionalized particles; trans-
porting the set of functionalized particles, with associated
bound target content from the set of cells, from the sam-
ple processing cartridge into a reagent cartridge; per-
forming an exonuclease treatment operation, a strand
denaturing and second strand synthesis operation, and
a cDNA amplification operation with the volume of cell-
derived content at the reagent cartridge; performing a
particle purification operation with PCR product of the
cDNA amplification operation at the reagent cartridge;
and performing a library preparation operation, with out-
puts of the particle purification operation. In this case,
the sample processing cartridge may comprise a lid cov-
ering an access region for the set of microwells, the lid
comprising an open mode in which the access region is
uncovered and a closed mode in which the access region
is covered, wherein retrieving the set of functionalized
particles comprises transporting a lid-opening tool, cou-
pled to a pipette interface, for engagement with a releas-
ing body of the lid, thereby transitioning the lid from the
closed mode to the open mode. In this form, retrieving
the set of functionalized particles may comprise trans-
porting a magnetic body, surrounded by a sleeve and
coupled to the pipette interface, to the access region un-
covered by the lid in the open mode, and attracting the
set of functionalized particles from the set of microwells
toward the magnetic body. In which case, performing the
library preparation operation may comprise determining
a concentration of product derived from the particle pu-
rification operation; based upon the concentration, dilut-
ing product of the particle purification operation at the
reagent cartridge; fragmenting cDNA material at the re-
agent cartridge; and amplifying fragmented cDNA mate-
rial at the reagent cartridge.

Claims

1. A system (100) for automatically processing a sam-
ple (820), the system comprising:

a deck (110) configured to support and position:

a reagent cartridge (120) at a first region
(111) of the first side of the deck;
a sample processing cartridge (130) at a
second region (112) of the first side, wherein
the sample processing cartridge comprises
a base substrate (131) coupled to a sample
processing chip (132), the sample process-
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ing chip comprising a microwell region com-
prising a set of microwells (34) configured
to capture cells in single-cell format, and
wherein the sample processing cartridge
comprises a lid (135) covering an access
region (134) into the microwell region of the
sample processing chip, the lid comprising
an open mode in which the access region
is uncovered and a closed mode in which
the access region is covered; and
a tool container (140) at a third region (113)
of the first side,

wherein the deck comprises a first subset of re-
tention elements (21) complementary to reten-
tion interfaces (31) of the reagent cartridge, a
second subset of retention elements (22) com-
plementary to retention interfaces (32) of the
sample processing cartridge, and a third subset
of retention elements (23) complementary to re-
tention interfaces (33) of the tool container;
a gantry (170) coupled to the deck and compris-
ing:

a set of tracks defining paths of movement
along a set of axes, within a three dimen-
sional volume bound by the first side of the
deck, for a pipette interface (6), the system
further comprising a lid-opening tool (145)
configured to couple to the pipette interface,
the system further comprising a lid-opening
mode in which the gantry transports the lid-
opening tool for engagement with a releas-
ing body (41) of the lid, thereby transitioning
the lid from the closed mode to the open
mode, and wherein the retention elements
provide a retention force that counteracts a
force applied by the lid-opening tool; and
a base (180) opposite the first side of the
deck and supporting:

a heating and cooling subsystem (150)
comprising a set of thermal bodies for
transferring heat to the reagent car-
tridge and the sample processing car-
tridge;
a separation subsystem (160) compris-
ing a set of magnets (167) coupled to
a magnet actuator (169) configured to
transition the set of magnets between
a retracted state and an extended state,
wherein in the extended state, the set
of magnets passes into the first region
of the deck;
a pumping subsystem (837) compris-
ing a vacuum port (830) into the second
region.

2. The system of Claim 1, wherein the reagent cartridge
comprises a set of domains including a first domain
configured to mate with a first thermal body (156’),
configured for material cooling, of the set of thermal
bodies passing to the first region of the first side of
the deck, and a second domain configured to mate
with a second thermal body (157’), configured for
thermocycling, of the set of thermal bodies passing
to the first region of the first side of the deck.

3. The system of Claim 1, wherein the set of thermal
bodies comprises a third thermal body (158’) passing
to the second region of the first side of the deck, for
heating material at the set of microwells.

4. The system of Claim 1, wherein at least one of the
set of thermal bodies and the vacuum port is coupled
with the sample processing cartridge to provide a
counteracting force against the lid-opening tool.

5. The system of Claim 1, wherein in the closed mode,
the lid and the access region define boundaries of a
fluid pathway adjacent to the microwell region of the
sample processing chip, sealed by a gasket (136)
coupled to the lid.

6. The system of Claim 1, further comprising a fluid
level detection subsystem (159) coupled to the deck
and aligned with an inlet reservoir (133) of the sample
processing cartridge, the fluid level detection sub-
system configured to detect light transmitted across
the inlet reservoir.

7. The system of Claim 1, wherein the separation sub-
system further comprises a magnetic body config-
ured to couple with the pipette interface at a first end
and to couple with a magnetic sleeve (1410) of the
tool container at a second end, the system further
comprising a separation mode in which the gantry
transports the magnetic body, coupled to the mag-
netic sleeve, between the sample processing car-
tridge and the reagent cartridge for magnetic sepa-
ration of target material from the sample.

8. The system of Claim 1, wherein the set of magnets
of the separation subsystem comprises a first subset
of magnets (167a) arranged in a linear array along
a first axis for performance of purification operations
at the reagent cartridge.

9. The system of Claim 8, wherein the set of magnets
of the separation subsystem further comprises a sec-
ond magnet offset from the first axis for performance
of a target material separation operation at a sepa-
ration reservoir of the reagent cartridge.

10. The system of Claim 9, wherein the separation res-
ervoir comprises a planar surface (128a) configured
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adjacent to the second magnet in the extended state
of the set of magnets, and a curved surface (128b)
away from the second magnet in the extended state
of the set of magnets.

11. The system of Claim 1, wherein the sample process-
ing cartridge further comprises an elastomeric valve
coupling the sample processing chip to the base sub-
strate along a flow path from the microwell region to
an outlet of the sample processing chip into a waste
containment region (137) of the sample processing
cartridge.

Patentansprüche

1. Ein System (100) zum automatischen Verarbeiten
einer Probe (820), wobei das System Folgendes be-
inhaltet:
ein Deck (110), das dazu konfiguriert ist, Folgendes
zu tragen und zu positionieren:

eine Reagenzkartusche (120) in einem ersten
Bereich (111) der ersten Seite des Decks;
eine Probenverarbeitungskartusche (130) in ei-
nem zweiten Bereich (112) der ersten Seite,
wobei die Probenverarbeitungskartusche ein
Basissubstrat (131) beinhaltet, das mit einem
Probenverarbeitungschip (132) gekoppelt ist,
wobei der Probenverarbeitungschip einen Mi-
krowellbereich beinhaltet, der einen Satz von
Mikrowells (34) beinhaltet, die dazu konfiguriert
sind, Zellen im Einzelzellenformat einzufangen,
und wobei die Probenverarbeitungskartusche
einen Deckel (135) beinhaltet, der einen Zu-
gangsbereich (134) in den Mikrowellbereich des
Probenverarbeitungschips abdeckt, wobei der
Deckel einen offenen Modus, in dem der Zu-
gangsbereich unbedeckt ist, und einen ge-
schlossenen Modus beinhaltet, in dem der Zu-
gangsbereich abgedeckt ist; und
einen Werkzeugbehälter (140) in einem dritten
Bereich (113) der ersten Seite,
wobei das Deck einen ersten Teilsatz von Rück-
halteelementen (21) komplementär zu Rückhal-
teschnittstellen (31) der Reagenzkartusche, ei-
nen zweiten Teilsatz von Rückhalteelementen
(22) komplementär zu Rückhalteschnittstellen
(32) der Probenverarbeitungskartusche und ei-
nen dritten Teilsatz von Rückhalteelementen
(23) komplementär zu Rückhalteschnittstellen
(33) des Werkzeugbehälters beinhaltet;
ein Gerüst (170), das mit dem Deck gekoppelt
ist und Folgendes beinhaltet:

einen Satz von Bahnen, die Bewegungspfa-
de entlang eines Satzes von Achsen inner-
halb eines dreidimensionalen Volumens,

das durch die erste Seite des Decks be-
grenzt ist, für eine Pipettenschnittstelle (6)
definieren, wobei das System ferner ein De-
ckelöffnungswerkzeug (145) beinhaltet,
das dazu konfiguriert ist, sich mit der Pipet-
tenschnittstelle zu koppeln, wobei das Sys-
tem ferner einen Deckelöffnungsmodus be-
inhaltet, in dem das Gerüst das Deckelöff-
nungswerkzeug für einen Eingriff mit einem
Freigabekörper (41) des Deckels transpor-
tiert, wodurch der Deckel von dem ge-
schlossenen Modus in den offenen Modus
übergeht, und wobei die Rückhalteelemen-
te eine Rückhaltekraft bereitstellen, die ei-
ner von dem Deckelöffnungswerkzeug auf-
gebrachten Kraft entgegenwirkt; und
eine Basis (180), die der ersten Seite des
Decks gegenüberliegt und Folgendes trägt:

ein Heiz- und Kühlteilsystem (150), das
einen Satz von Wärmekörpern zum
Übertragen von Wärme auf die Rea-
genzkartusche und die Probenverar-
beitungskartusche beinhaltet;
ein Trennteilsystem (160), das einen
Satz von Magneten (167) beinhaltet,
der mit einem Magnetaktuator (169)
gekoppelt ist, der dazu konfiguriert ist,
den Satz von Magneten zwischen ei-
nem eingefahrenen Zustand und ei-
nem ausgefahrenen Zustand zu über-
führen, wobei in dem ausgefahrenen
Zustand der Satz von Magneten in den
ersten Bereich des Decks gelangt;
ein Pumpenteilsystem (837), das eine
Vakuumöffnung (830) in den zweiten
Bereich beinhaltet.

2. System gemäß Anspruch 1, wobei die Reagenzkar-
tusche einen Satz von Domänen beinhaltet, der eine
erste Domäne, die dazu konfiguriert ist, mit einem
ersten Wärmekörper (156’), der zum Materialkühlen
konfiguriert ist, des Satzes von Wärmekörpern zu-
sammenzupassen, der zu dem ersten Bereich der
ersten Seite des Decks gelangt, und eine zweite Do-
mäne umfasst, die dazu konfiguriert ist, mit einem
zweiten Wärmekörper (157’), der zum Thermocyc-
ling konfiguriert ist, des Satzes von Wärmekörpern
zusammenzupassen, der zu dem ersten Bereich der
ersten Seite des Decks gelangt.

3. System gemäß Anspruch 1, wobei der Satz von Wär-
mekörpern einen dritten Wärmekörper (158’) bein-
haltet, der zu dem zweiten Bereich der ersten Seite
des Decks gelangt, um Material an dem Satz von
Mikrowells zu erhitzen.

4. System gemäß Anspruch 1, wobei wenigstens einer
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des Satzes von Wärmekörpern und die Vakuumöff-
nung mit der Probenverarbeitungskartusche gekop-
pelt ist, um eine entgegenwirkende Kraft gegen das
Deckelöffnungswerkzeug bereitzustellen.

5. System gemäß Anspruch 1, wobei in dem geschlos-
senen Modus der Deckel und der Zugangsbereich
Grenzen eines Fluidweges neben dem Mikrowellbe-
reich des Probenverarbeitungschips definieren, der
durch eine mit dem Deckel gekoppelte Dichtung
(136) abgedichtet ist.

6. System gemäß Anspruch 1, das ferner ein Teilsys-
tem (159) zum Erkennen des Fluidstandes beinhal-
tet, das mit dem Deck gekoppelt und an einem Ein-
lassreservoir (133) der Probenverarbeitungskartu-
sche ausgerichtet ist, wobei das Teilsystem zum Er-
kennen des Fluidstandes dazu konfiguriert ist, durch
das Einlassreservoir übertragenes Licht zu erken-
nen.

7. System gemäß Anspruch 1, wobei das Trennteilsys-
tem ferner einen magnetischen Körper beinhaltet,
der dazu konfiguriert ist, sich mit der Pipettenschnitt-
stelle an einem ersten Ende zu koppeln und sich mit
einer magnetischen Hülse (1410) des Werkzeugbe-
hälters an einem zweiten Ende zu koppeln, wobei
das System ferner einen Trennmodus beinhaltet, in
dem das Gerüst den magnetischen Körper, der mit
der magnetischen Hülse gekoppelt ist, zwischen der
Probenverarbeitungskartusche und der Reagenz-
kartusche für die magnetische Trennung von Zielm-
aterial von der Probe transportiert.

8. System gemäß Anspruch 1, wobei der Satz von Ma-
gneten des Trennteilsystems einen ersten Teilsatz
von Magneten (167a) beinhaltet, die in einer linearen
Anordnung entlang einer ersten Achse für die Durch-
führung von Reinigungsvorgängen an der Reagenz-
kartusche angeordnet sind.

9. System gemäß Anspruch 8, wobei der Satz von Ma-
gneten des Trennteilsystems ferner einen zweiten
Magneten, der von der ersten Achse versetzt ist, für
die Durchführung eines Zielmaterialtrennvorgangs
an einem Trennungsreservoir der Reagenzkartu-
sche beinhaltet.

10. System gemäß Anspruch 9, wobei das Trennreser-
voir eine ebene Oberfläche (128a), die in dem aus-
gefahrenen Zustand des Satzes von Magneten ne-
ben dem zweiten Magneten konfiguriert ist, und eine
gekrümmte Oberfläche (128b) beinhaltet, die in dem
ausgefahrenen Zustand des Satzes von Magneten
von dem zweiten Magneten entfernt ist.

11. System gemäß Anspruch 1, wobei die Probenverar-
beitungskartusche ferner ein Elastomerventil bein-

haltet, das den Probenverarbeitungschip mit dem
Basissubstrat entlang eines Durchflussweges von
dem Mikrowellbereich zu einem Auslass des Pro-
benverarbeitungschips in einen Abfallaufnahmebe-
reich (137) der Probenverarbeitungskartusche kop-
pelt.

Revendications

1. Un système (100) de traitement automatique d’un
échantillon (820), le système comprenant :
une plate-forme (110) configurée pour support et
positionner :

une cartouche de réactif (120) au niveau d’une
première région (111) du premier côté de la pla-
te-forme ;
une cartouche de traitement d’échantillon (130)
au niveau d’une deuxième région (112) du pre-
mier côté,
où la cartouche de traitement d’échantillon com-
prend un substrat de base (131) couplée à une
puce de traitement d’échantillon (132), la puce
de traitement d’échantillon comprenant une ré-
gion à micropuits comprenant un ensemble de
micropuits (34) configurés pour capturer des
cellules au format unicellulaire, et où la cartou-
che de traitement d’échantillon comprend un
couvercle (135) couvrant une région d’accès
(134) à l’intérieur de la région à micropuits de la
puce de traitement d’échantillon, le couvercle
comprenant un mode ouvert dans lequel la ré-
gion d’accès est non couverte et un mode fermé
dans lequel la région d’accès est couverte ; et
un conteneur à outil (140) au niveau d’une troi-
sième région (113) du premier côté,
où la plate-forme comprend un premier sous-
ensemble d’éléments de rétention (21) complé-
mentaire à des interfaces de rétention (31) de
la cartouche de réactif, un deuxième sous-en-
semble d’éléments de rétention (22) complé-
mentaire à des interfaces de rétention (32) de
la cartouche de traitement d’échantillon, et un
troisième sous-ensemble d’éléments de réten-
tion (23) complémentaire à des interfaces de ré-
tention (33) du conteneur à outil ;
un portique (170) couplé à la plate-forme et
comprenant :

un ensemble de pistes définissant des tra-
jets de déplacement le long d’un ensemble
d’axes, au sein d’un volume tridimensionnel
délimité par le premier côté de la plate-for-
me, pour une interface de pipette (6), le sys-
tème comprenant en outre un outil d’ouver-
ture de couvercle (145) configuré pour se
coupler à l’interface de pipette, le système
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comprenant en outre un mode d’ouverture
de couvercle dans lequel le portique trans-
porte l’outil d’ouverture de couvercle sa mi-
se mise en prise avec un corps de libération
(41) du couvercle, faisant ainsi passer le
couvercle du mode fermé au mode ouvert,
et où les éléments de rétention fournissent
une force de rétention qui agit contre une
force appliquée par l’outil d’ouverture de
couvercle ; et
une embase (180) à l’opposé du premier
côté de la plate-forme et supportant :

un sous-système de chauffage et de re-
froidissement (150) comprenant un en-
semble de corps thermiques pour le
transfert de chaleur à la cartouche de
réactif et à la cartouche de traitement
d’échantillon ;
un sous-système de séparation (160)
comprenant un ensemble d’aimants
(167) couplé à un actionneur d’aimant
(169) configuré pour faire passer l’en-
semble d’aimants entre un état rétracté
et un état déployé, où dans l’état dé-
ployé, l’ensemble d’aimants passe à
l’intérieur de la première région de la
plate-forme ;
un sous-système de pompage (837)
comprenant une prise à vide d’air (830)
à l’intérieur de la deuxième région.

2. Le système de la revendication 1, dans lequel la car-
touche de réactif comprend un ensemble de domai-
nes incluant un premier domaine configuré pour
s’apparier avec un premier corps thermique (156’),
configuré pour le refroidissement de matériau, de
l’ensemble de corps thermiques passant à la pre-
mière région du premier côté de la plate-forme, et
un deuxième domaine configuré pour s’apparier
avec un deuxième corps thermique (157’), configuré
pour le thermocyclage, de l’ensemble de corps ther-
miques passant à la première région du premier côté
de la plate-forme.

3. Le système de la revendication 1, dans lequel l’en-
semble de corps thermiques comprend un troisième
corps thermique (158’) passant à la deuxième région
du premier côté de la plate-forme, pour le chauffage
de matériau au niveau de l’ensemble de micropuits.

4. Le système de la revendication 1, dans lequel au
moins un objet parmi l’ensemble de corps thermi-
ques et la prise à vide d’air est couplé à la cartouche
de traitement d’échantillon pour fournir une force an-
tagoniste contre l’outil d’ouverture de couvercle.

5. Le système de la revendication 1, dans lequel dans

le mode fermé, le couvercle et la région d’accès dé-
finissent des limites d’un trajet de fluide adjacent à
la région de micropuits de la puce de traitement
d’échantillon, scellé par un joint (136) en prise avec
le couvercle.

6. Le système de la revendication 1, comprenant en
outre un sous-système de détection de niveau de
fluide (159) couplé à la plate-forme et aligné avec
un réservoir d’entrée (133) de la cartouche de trai-
tement d’échantillon, le sous-système de détection
du niveau de fluide étant configuré pour détecter de
la lumière transmise au travers du réservoir d’entrée.

7. Le système de la revendication 1, dans lequel le
sous-système de séparation comprend en outre un
corps magnétique configuré pour se couplé avec l’in-
terface de pipette au niveau d’une première extré-
mité et pour se mettre en prise avec un manchon
magnétique (1410) du conteneur à outil au niveau
d’une deuxième extrémité, le système comprenant
en outre un mode de séparation dans lequel le por-
tique transporte le corps magnétique, couplé au
manchon magnétique, entre la cartouche de traite-
ment d’échantillon et la cartouche de réactif pour la
séparation magnétique un matériau cible de l’échan-
tillon.

8. Le système de la revendication 1, dans lequel l’en-
semble d’aimants du sous-système de séparation
comprend un premier sous-ensemble d’aimants
(167a) agencés en un réseau linéaire le long d’un
premier axe pour la réalisation d’opérations de pu-
rification au niveau de la cartouche de réactif.

9. Le système de la revendication 8, dans lequel l’en-
semble d’aimants du sous-système de séparation
comprend en outre un deuxième aimant décalé par
rapport au premier axe pour la réalisation d’une opé-
ration de séparation de matériau cible au niveau d’un
réservoir de séparation de la cartouche de réactif.

10. Le système de la revendication 9, dans lequel le ré-
servoir de séparation comprend une surface plane
(128a) configurée adjacente au deuxième aimant
dans l’état déployé de l’ensemble d’aimants, et une
surface incurvée (128b) en s’éloignant du deuxième
aimant dans l’état déployé de l’ensemble d’aimants.

11. Le système de la revendication 1, dans lequel la car-
touche de traitement d’échantillon comprend en
outre une valve élastomère couplant la puce de trai-
tement d’échantillon au substrat de base le long d’un
trajet de flux depuis la région de micropuits jusqu’à
une sortie de la puce de traitement d’échantillon et
à l’intérieur d’une région de confinement de déchets
(137) de la cartouche de traitement d’échantillon.
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